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The format of the seminar was a panel presentation and discussion.
The panel members consisted of three professors from Colorado State
University, a potamologist from the Corps of Engineers, and a professor
from Montana State University. Each expert gave a short presentation
on his particular field of expertise. dQuestions were encouraged at all
times. Following each presentation there was a short period of questions
and answers. The last portion of the seminar was devoted to answering
specific guestions concerning Montana rivers.

Panal Members

Nr. Morris M. Skinner {panel moderator) Expert on Remote Sensing Applied
to Rivers, Colorado State Univer-
sity, Civil Engineering Department.

Or. Daryl B. Simons International experi on vriver
hydrology-hydrauyiics, Colorade
State University, Associate Dean
of Engineering Research.

Or. Stanley A. Schumm Expert on river mechanics from
geologic point of view. A geo-
morphologist with both the Earth
Resources and Civil Enginsering
Department at Colorado State
University,

Mr. Brien R. Winkley Expert on river behavior. Head of
special potamology section for the
Corps of Engineers, Yicksburg,
Miszissipni.

Dr. Donald Reichmuth Civil Engineer at Montana State
University doing a study on the
Gallatin River and Baker Creek.



INTRODUCTORY REMARKS

FLUVIAL GEQOMORPHOLOGY - SCHUMM. A geomorpholocist in other parts of
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the world is a2 physical geographer--in the U.S. he is a geologist. A
geomorphologist is interested in long spans of time. Therefore, we

rom o2 historical perspective, and we try to interprat

ey

ook at rivers
past changes and past events. What's happening in a particular bend in
the river today isn't of too much interest fo us except as these changes
can helip us to interpret the history of the river. Perhaps my commentis
will be of less interest fo vou with ?ﬁgard to practical problems, but
they may give you a somewhat different perspective of rivers.

Geologists and ecologists know thet there have been dramatic
climatic changes during the Tast million years of the earth’s history.
This alse means that thers have been spectacular hydroiogic changes, and
5o we intuitively Teel that the morphoiogy of most rivers has changed
dramatically during this time. One of the best examples of such changes
that I have ever found is The Murrumbidges River in New South Wales,

Austratia.

Here is an aerial photograph of part of the ailuvial flood plain of

the Murrumbidgee River. The river flows acreoss the alluvial plain and
has a very sinuous and relatively narrow, deep channel; on the same slide
we see a paieochannel that was functioning perhaps 10,000 years ago.
The conclusions that we would draw from this siide is that there have
been dramatic changes in the morphology of this channel.

Here we have an example of river petamorphosis. The sediment and
the runoff source area was unchanged , but there were some pretty

dramatic hydroiogic changes that have caused compiete changes in ths

morphology of the Murrunbidgee River. The modern channel is 200 feet

b



The Murrumbidges River is shown by the upper arrow.
The middle arrow shows young paleochannel and the

lower arrow identifies old paleochannei.
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wide, 20 feet deep, and very sinucus. The paleochannel is 500 feet wide,

about 10 feet deep, and relatively straight. 3o the climatic changes

have caused the system to go from a very wide, straight river o a very,

very sinuous river. 1 think that it is important to note that this river .

tuvial plain that siopes one and one-half feet

is flowing across an al
per mile. The modern Murrumbidgee River is quite sinuous, with a
sinucsity of about 2. This means it is traveling twice the distance it
neads to get to the same point: it also means the gradient of the new river
is one-half the gradient of the old river. 3o with climatic changes and
the change in sediment load and discharge this river decreased 1is

gradient by developing a very, very sinuous course., This seems %o be

=

one way in which a river responds geologically fo change in sediment

g

yield and runoff. A& river doesn’t have to scour because it can change

its pattern; in this case, from relatively straight to relatively sinuous.

=

The present North Platte River near Scottsbiuff, Nebraska is

[§N)

another example of a changed river. A very dramatic change has occurred

during the last 70 years in the morphology of the Nerth Platie River.
Fiqure 2 shows the North Platte River near Scoitsbluff,

Nebraska in 1890. The entire valley floor was the floor of the

stream channel in 1890, but since that time dams have been built in

Wyoming; the great snow melt floods of the past no Tonger occur, and -~
scharge has been decreased somewhat due to diversions for irrigation.
In effect, man has created 3 new Floodplain in this valley. In fact

Scottabluff City Park now cccupies a position that once was in the
middie of the T8%0 channgl. he Novrth Platte Hiver has narrowsd from
about three guarters of a mile wide to about 200 feel wide in less than

100 vears as a result of reduced Tiood peaks.
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A good .example of the same type of thing, but in reverse is the
Cimmaron River in northwestern Kansas, which had a sinuous and relatively

narrow and deep channel in about 1890, Fig. 3. At this time the river
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Figure 4 shows the Cimmaron in 1942: The average width of the river

atter part of the 19th century

oF

during the Land Office survey of the
was 50 feet. In 1047 the average width was 1200 feet. The enlire
alley floor had been converted from floodplain to channel, and
apparently this was due fto a climatic fluctuation. During the 1930's
Jarge floods moved downsiream and destroyed the meander pattern and
fioodplain. The end vesult was thal the entire valley floor was con-
verted to a wide, sandy, braided stream channel.
By 1960, the Cimmarcn River was much narrower. In 1830 and
probably up te about 1815 the river was about 50 feet wide. In the
1840's, the river progressively widened until in 1942 it was an average
of 1200 feet wide. How it ig back to about 500 feet wide. So a new
flgodplain has been constructed in this valley due o climatic fluctuation.
The above examples illustrate how dynamic river systems are and
how they adjust to change. Through observations of natural rivers and
1aboratory models, we have determinad that there is a threshold slope
below which a stream will not meander and above which 11 begins to -
meander. in addition. as we continued with the experiments and pro-
gressively steepened the slope of the flume, we found that another
which the stream becams

eritical zone or threshold was reached abov

Q
5

hraided. For example, if sinuosity {ratioc of channel to valley tength)

is plotted against the slope of the surface on which the stream i3
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flowing at one discharge {.15 cfs), we find the channel is straight at
relatively low slopes. A slope threshold exists above which the channel
hecomes progressively more sinuous and at a higher threshold 1t becomes
braided. This is quite interesting geomorphically, as an explanation of
the variability of river patterns in a downstream direction, In ferms
of river control this relation is aiso important. I these thresholds
exist in nature then they have some very practical implications. For
example, if you find that you are somewhere near one of these thresholds,
you better be careful about what you do to the channel.

This slide iz courtesy of Bob Winkley and it Tooks quite a bit like
the previous slide except that it is of the Mississippi River. The
valley slope has considerably less siope than that of our model. The
discharge is considerably greater, sinuosity is as high as 2, but
it shows that for Mississippi River, as the valley siope changes in
downstream direction. there are marked changes in river pattern. It
is on the steeper reaches of valiey slope that the more serious problems
of river control occur. These relations show that some rivers may be
inherently unstable and susceptible to change.

Question--Did you do anything on velocity and siope?

Enswer {Schumm)--Our experiments show that as slope and sediment locad
increase, velocity increases. In fact, you can plot not only slope

but also sediment load versus sinuosity and get the same relationship.

In terms of our experiment, siope and the quantity of sediments fed into
this system were very closely related. But from a geologic point of view
1'd say, the independent variable is really the quantity of sediment
moving through the system. The valley slope adjusts and then channel

sinygosity adjusts.
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Question--Are channel changes predictable For given flow conditions?
Answer (Schumm)--In our experimental studies we are now looking at
different discharges, and so we are daveloping a family of curves. The

5

the discharge changes. A1l

o]
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thresholds, of course, are going to shift as
I can say is that I'wm sure that for each river there are these two
thresholds--one between straight-meandering, and one between
meandering-braided. However, [ also went fo mention E.W, Lane's work,

in which he considered not only laboratory models but also major rivers,
which were both braided and meandering. E.W. Lane has complied the
avaiiable data for a number of rivers. Leopold and Wolman have a similar
graph in one of their professional papers which shows for a given
discharge and given slope where this threshold should be. Using their
relationsihips (Leopold and Woiman) and other published relatienships,
perhaps we could roughly estimate where the thresholds ave for a given
river in Montana or anywhere else In the world.

Question--You had your slope plotted in feet/feet terms. Do you have

Jmit

any idea where those thresholds could be in feed

[

?

1

[

Answer (Schumm)--Well, again we were dealing with model in 2 100-foot
Tong flume and the gradients are very siesp, and I think where the
channel began to braid the slope was about 1.5 feet per 100 feet. I
doubt iF you could find an atluvial stream transporting sand with a
gradient that stesp.

Winkley. To give you another side of it from the situation on a large

ike th

v
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river Mississippl, the difference betwsen a braided and z
meandering stream occurs at about 0.6 foot mile fall in the valley

stope. CLritical ooint., 17 the river maintains less than 0.6 foof per

bt

—
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mile f311 of valley slope. we have a meanderipng siveam. But, when 2
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channel is straightened, the critical point may be exceeded then 2

braided stream develiops.

Schumm. In a natural situation we felt that the major variable was
cediment load. From a geologic point of view (a long time span) the
channel patterns are related to valley slopes, and stream gradients are
related to quantities of sediment and water moving through the system.

You can look at the same problem from a shorter Lime span, say engineering
time, and you can obviously change the slope of the river by realignment.
So it depends on the time span you are dealing with. Where we changed the
slope in our experiments we had to change the quantity of sand we fed

into the system at the upper end. I prefer to think that the gquantity

of sand was the indspendent variable. If we had introduced more sand

into our system the slope would have gradually steepened and the patierns
would have changed as we crossed these threshoids.

Question--What is the reaction or adjustment of a valley stream to an
increase in sediment load caused by over grazing or logging? How would
the stream adjust to this?

Answer {Schumm)--Well, obviously it will aggrade and the sediment will
deposit. New Zealand rivers, for example, changed from meandering to
braided streams as a result of vegetation destruction. It may wipe out
the meanders and then the vriver will be straight with a steeper gradient.
RIVER MECHANICS - SIMONS. I want to start out by emphasizing the
tremendous variability of rivers; you find some areas totally unvegetated,
some densely vegetated, some Tow rainfall areas, and some high rainfall
areas. You find very extreme changes over a relatively short period of
$ime which sometimes makes us wonder about trying to nail a river down

or argue against nailing it down, because in many instances oid mother
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nature will override some of the other factors that exist. For example,
a channel may only flow a few days of the year, but when it Flows it
has a velocity somewhere on the order of 10 o 15 feet per second and
carries tremendous guantities of sediment that certainiy effect the
channel on downstream. I think the main point to make is that we've
got to Took at the problem that exists and decide as a groub what we
want and then decide upon some measures that we're going to take:; and,
know that we'll never make anyone, or any single group completely happy.
This sTide shows that over geologic time the river has been over the
total width of the river valley., It never has been sossibie for us to
nail it down in pracisely one position and hold it. Naturally, ali of
these streams, whether they be in cobbles, gravel, sand, or clays, have
this tendency to be Tive dynamic things that are changing with time.
Certainly things Tike major droughts, periods of extreme wethess, and
major floods can give us extrems changes...compietely change the
characteristics of the stream, irrespective of what we would like it
to be. As Dr. Schumm pointed out, how these rivers behays i yery
intimately related to the smount of sediment that they carry. This
sediment can come in as a consequence of overgrazing, it comes in as a
consequence of steep channels, and/ov instability of the bank. It
could be due to drought, it could be due to forest fires. But, thers
can be a tremendous range in the quantities of sadiment that can be
introduced inte these streams, and if you get oo much there is a
tendency for the stream to "aggrade,” then steepen and go to the braided
situation. The banks are unstable and you've got a mess.

On the other hand, you might go back another way. Maybe we've

contrelled the river (dams, diversions, etc.) so that it goes from the
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wide paleochannel, that Dr. Schumm talked about, to an extremely narrow

o

one. Mavbe that is what happened on the Horth Platie River that Dr,
Schumm showed. Years ago there was 1ittle upstream development. There
was no well-vegetated overbank or floodplain area. Subsequently, as
a consecuence of river contrel, the thing has narrowed down and where
it used to be a quarter of a mile to a mile wide, it is now a few hundred
feet wide. But., I think one of the keys to controiling what happens is
to bring in all of the variables and consider these in a realistic way
as possible and at the same time realize we probably don’t have an
opportunity to completely control them.

For example, rather interesting things can happen in rivers, In
an instance where "degradation” {cutting down of the channel bed) was
encouraged and estimates as good as people could make were made to
determine how deep this particular channel bed would scour. They over-
Tooked just a small amount of gravel, less than 2%, in the sand mixture.
They'd anticipated this charmnel bed would degrade downward 15 feet. By
the time it had gotten © feet down, it had armored itseif beautifully
and they have not been able fto budge it in any way, shape or form to
get it to go any deeper. This is sort of an engineering problem, but
they are losing 9 feet of head on their turbines. Looking at it from
their viewpoint it is sort of a disaster, in terms of power development.
But, Tittle things like this can have a big effect on what happens to
these streams.

There are a variety of ways that people can attempt the control of
channels. In what is called the Miracle Mile, on the North Platte River,
not too far from you here, in Wyoming, the Bureau of Reclamation, the

U.S. Geological Survey, and the Corps of Engineers did a tremendous
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amount of experimental work with all fypes of Jacks and controls and

planting vegetation %o see how these actual conirol measures would work,
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totally useless unless there was a lot of debris in the water that would

hang up on the wires on the jacks. The siream simply moved under the

L
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jacks. But, again, I don't know how weil acquainted you are with that
study, but the Bureau has done 3 rather tremendous job of documenting
the early system, measures that were taken, and the Tong term response.
There were about 20 years of rogords, several hundred thousand dollars
spent. For those of you interested in channel stabilization, it 1s a
worthwhile reference document.

In ancther example Tn order to avoid water Jossss in an irrigation
canal they have underiain the gravel with impermezble plastic membrane
and laid gravel over 1t. OFf course they control the gradient so that

energy in the system is not big enough to move the material. And as

e

tong as no sediments were coming in that might deposit, it would stay
stabie for an extremely long pericd of time. If you tried to do this
in a river, though, as soon as vou got Flows large enough and velocities
high enoucgh that you excesd the critical forces that are reguired fo
move it, 1t starts to slough the banks, siides down, moves it into waves,
roughness changes, and you can completely destroy the total effort.
Another example 15 the use of common rock in 2 natural channel 1o
make a lined channel; practical in irrigation, not so practical in a
natural channel., But, under certain circumstances where the flow only
varies between certain Timits, 1t can be used very sffectively., Ue all
know from expsrience with rivers that the cutside of the bends generaily

come under more atiack than mavbe other positions aleng the streambank.
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In an irrigation canal in West Pakistan, they 1iterally are Taying in
by hand rocks up to 100 pounds, one on top of the other, Tike some of
the old work done back in the depression days. And again, if you don't
have big variation in discharge, for example, in a canal, it may be
totally successful. If you try to use that technigque in a river where
you can go from very Tow flows to floods, it is difficult to devise a
scheme where 1t is going to stand up indefinitely.

Another type of stabilization that is often used is "gabions” and
probably some of you have had more experience with them than [ have.
This sTide shows a classical example of what I think is wrong utilization
of them. This particular channel, prior fo a very large flood, was a
beautifully meandering stream lined with pine trees. HNow it is a mess.
Now the low flow is developing a meander along here. Instead of trying
to get it back to a long-term average condition, they simply straigntened
and riprapped the side of the road that leads down to the stream {with
the gabions). 1 think one of the tremendous difficylties with this is
if they get a flood of any size the larger rocks will start to move.
The wire that is holding this relativeiy small rock in the gabions is
going to be just Tike putting a piece of wire on an anvil and hitting
it with a2 hammer. It is going to cut Toose and you're going to dump the
rock and it's failed. So depending upon what you wish to achieve, this
type of thing might work and in other cases it might not.

Drop structures are another example which are used in getting &
big flow from high elevations down into the river. Bank stabilization
made out of gabions was used extensively, for example, in Spain and Italy.
In this natural stream in Italy, the outside of the bend was unstable.

They've actually got Tittle jetties built of rock in here to roughen
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it up. They think it is a great idea. BAnd, depending upon your views,
your objectives, this may work. Considering perhaps other objectives,
from the viewpoint of a fisheries biclogist, maybe this would not be

satisfactory at all, But it is

ok

that 15 use

wi}

tachnique

k3

Another type of common technigue used in the world, if you are

deaiing with rivers or canals that are carvying relatively iarge
quantities of fine sediment, is to put in temporary roughness aiong the

banks. This has been put in with local vegetation, weeds, shrubs,
anything you can get. It sTows down the velocity enough so the silts

and clays buiid a berm. The berm is sufficiently resistant to evosion,

it

considering the velocity of the system, that it might hold for 20, 30,

£

40 years or more before they would have to do something eise. In terms

End ~

o7 our streams, such as you have, such as we have in Colorado, and other

E £ 4 -
i

aces, we re continually subjecting our sireams to change.

]

Here is a case where, prior te about 1920, this was a2 smal] meandering
Colorado stream, very stable. Subsequently, through transmountain
diversion, more water was brought inte this system, and Yo can ses what
it has converted it fc. The channel bed was degraded on the order of
15 to 20 feet, down to its present level. 1t left raw hanks and carried
tremendous quantities of sediment on downstream. It doesn’t have the
natural pocl-riffie-pool sequence. It's basically just a raw channel.

Any time that we get significant discharge changes, particulariy

seanll 4

upwardly, in the magnitudes of discharge in this system, we've got some
extremely sericus problems.

Question--Are you talling about the overall means or peak Tlood?

Answer (Simons)--Well, in this instance the channel may have carried
maximum flows on the order of several 100 cfs with the mean on the

order of 1060 ofs,
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Question--Where was this stream?

Answer (Simons)--This runs into Long Draw Reservoir, up the Poudre River
above Fort Collins. But, then, through the transmountain diversion, an
additional several 100 ofs comes in and the gradient is too steep for
that much flow. The channel suffers deterioration. This flow has
sufficient eneray to start to entrain the materials from the bank and
the bed and you end up with something of a mess.

Another situation which ig comparable is along the Colorado River
above Glenwood Springs. In the early 19207s - 1930°s they built the
highway on the one side of the river and the railroad on the other in
order to minimize construction costs. A high berm was built out which
encroached on the river from the highway side and another berm was built
out from the railvoad side. This converted the river into a raging
channel not suitable for anything except maybe Tooking at it. From the
viewpoint of fishing, certainly its quality has deteriorated, probably
90 percent compared to whal it was formerly. But, now, as you know,
with the pressures to obtain wider highways, they are contemplating
huilding the berm out still further. In fact the restriction is how far
can you build out to make voom for a four-lane highway without gettling
the level of the water in the river so high that it inundates the
railroad on the other side. These types of things, the more you encroach,
the bigger the rocks you have to use, and even then we are going to get
maximum flow events for which that Targe material is not going to be
stable., It is going to regquire continual maintenance and in the event

A

of very large floods maybe total replacement.



his siide iillustrates additional data facts that can result from
z trans-mountain diversion. This slide shows the North Fork at South
Boulder Creek in Colorade. Prior to the trans-mountain diversion this
was a beaytiful 1ittle mountain stream meandering with trees along its
banks and it supported a reascnably good fisheries considering the
quantity of water. However, in terms of Colorado fishing, pressure in
many areas is sufficiently great that most fishing is done on a put and
take basis. This change in the system was brought about by a diversion
of additional water from the Western siope of the rockies through the

pilot bore of the Moffet Tunnel that was constructed by the railroad

many years agc. The Denver HWater Board simply obtained permission to
use the o1d pilot bore fo transport several hundred cubic fest per second

of additional water from fhe Western slops through the tunnel o the
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additional water diverted through the Moffet bore

was dumped into the North Fork of South Boulder Creek without making any

T

special preparations for {ts impact on the channel. The addition of a
rejatively large quantity of water in a rather small system literally
gutted the original river valley. There was degradation in the stream
on the order of 15-20 feet in some places and huge guantities of sediment
were transported downstream to be intercepted by reservoirs. The Denver
Water Board is currently attempting to restore the North Fork of South
oulder Creek to a stabie useful form by building control structures

and stabilizing the banks. They are not attempiing to reestablish the
sinuosity of the channel. The major effort is to flatten the gradient

5

ysing control structures and riprap of the banks to withstand the

vetocities that the banks will be subjected to. In addition, some

special efforits are being made to encourage the growth of v&aeta%és,
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along the modified alignment. Even with this effort on the part of the
Denver Water Board it will be a long period of time before the scars of
erpsion disappear. In fact, they probably never will disappear in terms
of engineering time.

Another important Factor that affects stream systems is the
constructing of reservoivs. These reservoirs intercept the sediments
and essentially clear water is released downstream of the dams. This
results in a change in the water sediment balance of the stream and the
stream responds to this changs. When we trap the sediment and release
clear water we encourage degradation in the channel subjected to the
ciear water flow. Degradation may be on the order of several feet. It
must be emphazized that whatever we do we should take a Took at the
total system and carefully analyze the effecis of our efforts not just
on one part of the river system but on the total river system. As a
minimum we certainly must consider the hydraulics, the availability of
sediment, the capability of the river system fo carry sedimeni and iis
response to natural and man induced changes. ATl of these areas are
interrelated and interact., If we make a mistake in the assesment of
one factor it's possible for us to cause a stream to deteriorate from
something of high standards to something of relatively poor quality.

This slide illustrates the effects of gravel opegations along our
river systems. Often Jarge arveas are torn cut in gravel mining operation.
These large scars if not properly controlled can contribute large
guantities of sediment to adjacent streams. The introduction of more
sediments into the adiacent streams can cause them to agrade as Dr. Schumm
has point out., This increase in sediment stream gradient is capable of

changing the system from a meandering one to a graded one. Certainly



from the engineering viewpoint the braided channel is much more difficult
te control and develop than a meandering one.

This slide shows 2 reiatively large meandering river in the dashed
area. Here 1 wish to emphasize the importance of natural fluctuations
on a river system. This river will overfiow ifs banks to a depth of as
great as 20 feet annually. Conversely during the dry period the river
may be essentially dry., The slide shows the river in the dry state.

Une can see the pool and the Crossing between the two pools. When rivers

n fiow it is difficult to design

by

are subject to such great variations
Bilization technigues that will hoid such a river in a given pesition.
This stide illustrates the effects of unusually large flows on
bridges and retated structurss along river systems. In 1965, we
gxperienced some exiremely heavy vain storms in Colovado. The results
in fiooding caused failure to approximately 42 major highways and rail-

road bridges over a period of two days. Prior to this extremely high
flow many of the channels were quietl meandering streams with vegetation
down Lo the banks. When these rivers were subjected to the raging flood
flows even Tor a short period of time we ended up in many instances
with major changes in the river systems with sand, gravel and rocks
strewn over the landscape and with the failure of many man-made siructures,
in other wﬁ?§§§ man certainly can effect the behavior of river systems
by his actions but we must not lose sight of the fact that old mother
nature can impose conditions which probably have greater effects on the
system than man’s effecis.

This clide shows where the discharge has cut around one end of an
old abutment on a small tributary. Certainly our highway bridges effect

rivers large and small and conversely the rivers can have very devasiating



effects on highway crossings. A1l aspects of river engineering should
he considered when designing any type structures associated directly or
indirectly with the river.

This slide shows a cross drainage structure: more specifically,

a culvert passing beneath the highway. The stabilization provided
downstream of the culvert was not adequate, The stabilization failed
and the channel simply headcapped back through the highway embankment
and you see the consequences. Such failure ceriainly emphasized the
necessity for adeguate design. This slide i1lustrates the extent fo

which erosion has extended upstream into the highway despite the fact
that supposediy effective measures were taken to prevent such an
grourrence,

Dur rivers are an extremely valuable resource and are used through-
out the world for a multitude of purposes. Certainly one of the major
ones is navigation, particularly when large streams are involved. The
development of rivers for navigation is not always popular. The dis-
cussion of navigation brings up some interesting controvercies. This
area of river development for navigation and flood control particularly
for large rivers will be treated in more detail by Wr. Winkley. However,
whether we deal with large or smaﬁ? rivers we see similar phenomena
and can learn a great deal about large rivers by working with smali
rivers and we can learn a great deal about both by making laboratory
studies,

One issue that has been intriguing o me is our Tack of ability to
recognize what is natural in the river system and what is ynnatural.
This often causes confusion, especially where the environment is

concerned, For several years 1 have served as a consyltant for groups
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and agencies working on the Ri¢ Grande. If you study the history of

the Rio Grande in its natural form prior to man's entrance on the scene

ok

e or no vegetation along its banks and when it
flooded it ran from valley wall ito valley wall., The stream was dry in
the dry season. In contrast, when it did flow, it carried not only
water but literally thousands of parts per million of sediment. Over
lgad has been

time, as a conseguence of ypstream development, sedime

nt
reauced, Tlows have been stabilized and vegetation has developed on the

i_ﬂ

floodplain and along the banks of this river. Coupled with the stabili-

i

zation of the system and the growth of the vegetation wildlife has moved

=
ﬂ{l

in and presently the stream is populated with fish. Hany of the people

il

view the Ric Grande in this form as being natural. They have either
forgotten what it was in its natural form or simply never knew. 1%
illustrates the point that in many instances man's works can improve

river systems in the eyes of those interested in water resources develop-

toverent]

ment, those interested in agricultural as well as those interested in

P 4
g

the environment. We must all Tearn to work together in utitizing our
vaiuable water vesoyrces to achieve an optimum utilization and we must

accept that the environmental considerations is & maior factor.

POTAMOLOGY - WINKLEY. 1§ would 1ike to start out by defining the word

fouen
iy

"potamoiogy.” Webster says it is "The Science of Rivers." Several
vears ago the Corps of Engineers at Vickshurg, Mississippi started a

tart gathering data;

%;’“i

potamology section and the main purpose was %o

first on the Mississippi River iiself o see what should be done; and

5

second to study the other streams. The lTonoer I work with rivers,

=

the more I realize how 1ittie is really known about them, and how few

tf,?

%

people have a good feeling for what goes on in a river.
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what I thought I'd do is show you a Tittle bit of what we think you
should look at when you start studying a river. Then I'1] cover s Tittie
bit of the cayse and effect of what happens if we don't really look at
a river in detail, and some of the things Dr. Simons described as bad
effects as well as probably some good effects.

At first, we decided to look &t all fhe variables, but soon
realized that we may spend the rest of our Tives just trying to Tist
them without ever studying or analyzing them. So we {Corps of Engineers)
first decided to take a1l the variables and put them in broad classi-
fications, From that point, we elected to find out what was the rela-
tionship between these broad classifications of variables, and how much
emphasis should be put on each variable when studying a particular river.
The river will respond very much to the guantity of water, the type of
the hydrograph, whether it is & slow undulating flood or one that rises
to a sharp peak and falls off, and to the size and type of bed and bank
material. In the Mississippi valley. the average size of bed and bank
material is 0.4 millimeters. fuite a bit different than [ sse in
Montana. But, we have streams running into the Mississippi valley which
have 4 to 5 inches average bed size., 5o, we have a wide variely of
sediments. The rivers range in flow from a few hundred cfs fo a million
and a half cfs, with slopes from 0.2 of a foot per miie fall to 15 to
20 feet per wmile fall; which may still be rather minimal compared to
some of your mountain streams. But, still we get ensugh of a variety
so we see how various streams respond.

I think one of the things that we have forgotten in the past, or

didn't lock at in the past, was the fact that a stream will follow
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certain natural physical laws and inspite of what we do to it is stil]

going to respond to those particular laws,

Let's start by looking at a river. This is a chart of the
Mississippi from Cairo, 1111nais down to Baton Rouse. To look at a
river of this size, or any size, you start trying to find ocut what are
the basic characteristics of the river. You need to Took at where there
are changes in flow, where major tributaries come in, where there is
a change in the type of bank material, where there is a change in the
valley slope and where there is a change in the meandering tendencies
of the stream. These characteristics will tell you a lot about how
to control a stream in that particular veach of the river,

If you start out and Just start plotting points, you may get sort
of a buckshot blast graph which will tell you almost nothing.

If you had a constant flow, the river would develop a certain
geometry. But, in a river the flow changes. The Mississippi River
in low stages flows about 150,000 cubic feet per second. During flood
it might flow up to 2 mitlion cfs. You have a change of magnitude on
the order of 10 times as much flow at any one time during the year so
that the river that is responding differently all the time. But the
river, as it occurs in nature, has already responded to all the flows
of the previous periods for several yvears, several decades, or several
hundred years, and it is going to tell you something about the
characteristics of that river and nhow you can handle it. Whether
you are talking about a river for fiood control, navigation, fish and
wildiife, good fish habitat, or for something that will handle

sediments, it will still say how it is going to respond.
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The heavy black line in this sketch of the Mississippi is the

T

meander belt as it was before the Corps of Engineers decided to
straighten the river ocut and control the Tloods. The dotted line is
the top bank of the river today and we'll all lose our jobs (Corps of
Engineers) if we don't keep the river within that. We've confined it.
We have taken the viver ocut of a 15 10 20 mile wide meander belt and
confined 1t down to something lTess than 2 miles wide. We have changed
the sediment transport. The sedimentis used to be able to erode at a
bendway and deposit on the next bar, then ercde the next bendway and
deposii on the next bar, and siowly work 1ts way downstiream. But, the
movement was more lateral than in a down-valiey direction. When you
confine a river, whethey 3t 15 the Mississipoi River or any other one,
vou are very liable io increase the down-valley movement of the sediment.
Some place along the Tine you mighi reach a slope condition that can'’t
carry those sediments so deposition occurs. A bullding up of the bed
of the river occcurs and & probiem is created.

formally a river is a combination of pools, crossings, and bars.
The pools won't always be nice pools around a bendway with a crossing to
a pool on the opposite bendway. Every time you Tose a particular curvature
in the Mississiopi, or any other river, the dzep pool will start fo
deteriorate, the river will try to make a crossing. Now, if there is
some other structure or some other control in the river, it may bob back
to the proper side again and continue. What I realiy wanted to show here
iz that a river will consist of & series of pools and crossings {or
riffies). HNormaily in nature, and in 2 well controlled river, you'll
have a pool on one side of the river and 11711 make a crossing, come

arpund the next bendway, make 2 crossing and continue arvound the next

bendway,
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Several years ago, some laboratory studies consisted of starting
with a straight channel and letting a meander belt develop. [t was found
that where they kept the bed and bank material the same and where they
kept the slope of the channel or slope of the valley or the flume the
same, the river would develop a meander pattern. What were alternate
bars, would become the meander loops of the river, The distance between
the meander Toops and the distance between the aiternate bars were the
same. This interested me and I went back and Tooked at the "cutoff
program” of the Mississippi River which started in the 1930's. The
Titerature on cut offs has always bragged about what & wonderful thing
the "cutoff program” was. "It got the water out of the valley faster,
it decreasad a2 lot of floods.” Momentarily, it did. But, we tock 2
sinuous river and almost made a straight river out of it, It is trying
very hard to get back to its original shape again. In the meantime,
we crossed over a threshold in many places and made divided flow
sections which were poor for navigation, poor for flood control, and
poor for sediment movement. In fact, in a 300-mile reach of the river
20 years ago we had 15 divided flow reaches {middle bars}); today, with
axpenditures of some $20 million per year, we have 62 divided flows.

Everybody uses the words straight, or braided or sinuous channel.
I personally don't believe theve is such a thing as a straight channel.
You might have fairly straight channels as far as the top bank is
concerned, but the thalweg always has a sinuocus course within its own
top banks. How, whether you have a fairiy straight alignment or a very
sinuous alignment, we found one thing: as Tong as ghers was a fairly
smooth bend the pool continued. As scon as the radius of bend changed

a crossing began. You people are probably interested because of fish
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habitat to keep these pools in the river and noi have a flat, shalliow
cross section. In order to maintain pools you have io keep good gaometry
to the shape of the river.

To get an idea of how often you should have pools and bars in a
river, we went back and Tooked at two old surveys of the Mississippi
River made in the 1800's and early 1900's to see what the river did
under natural conditions before man had a chance to do anything to 1t.
We made a frequency analysis of the occurrence of the distance between
the bars in the river and we found that the average distance between
pools was around 4-5 miles, Fig. 11, in the Vicksburgs Districi. Well,
that data started to tell us something., We wondered what would happen
to the river afier you siart to straighten 1% out.

We went back and took some of the old geological maps of the river
and measuyred the distance between the meander Toops and found that we
got the same sort of frequency. Anomalies occurrved in the regions of
recent natural cutoffs.

On the Mississippi, the main purpose of straightening was flood
control., The farmers were happy because of lower flood levels and
Tower water tables. In Mississipp? we get azbout 50-55 inches of rain
a year. The farmers Tike to have the water table lowered. If made a
lot movre usable land. How, shortly after this staightening the channel
built up alternate bars afier the first runcff.

Another example of the same thing in the Misssissippl area is
where a particular government agency {and I won't mention the name of
it} has gone through and taken every channel of every stream and every
drainage ditch, and straightenad them out. Now the entire country is

becoming unravelled. A recent survey states that if this is altlowed
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to continue that within some very short period of time, 50 percent of
the farm land they created will be destroyed through erosion.

Tn the Arkansas River the Corp recently did a large rectification
on a section of channel making a navigable stream out of it. The
Arkansas at one time was a braided channel and during Tow water you
could drive a car, pickup, motorcycle, or anything you wanted across
portions of it. During high water it carried as much as 400,000 cubic
feet per second. Upstream reservoirs and a series of locks and dams
made a stream that's usable and took out the danger of floods. The
Arkansas River used to be the color of coffee, brown, dark, and murky,
heavy with sediments. It was unusabie for anything. The current meander
belt is quite wide. In harnessing the river for navigation they forgot
a couple of things. One, the proper geometry of the stream; and two,
contro! of top banks. A series of dikes {stone dikes) were put in to
hold the bank at a certain width. The outer bank was revetted with
riprap. Now, where the natural banks stop, they can't maintain navigable
depths because the flows that flush the sediments through now leave a
deposit of material. If you are going to control sediment and water,
vou have to control the top bank as well as the low water channel.

As the sinuosity increases and as the valley siope Increases, you
get a point in any river where & braided type siream develops. in the
Micsissippi valley, at about 0.6 foot per mile, normally a braided,
multiple channel exists. At slopes less than 0.6 foot per mile we can
do a lot of things to the channel, and the hydraulics will take over
and build back a channe! Tike we want. For another river the slope might
he several feet per mile. It depends on the particuiar river. The only

way you are going to Tearn it is to study the stream.
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The Corps of Engineers took 6§32 miles of the Mississippi River in
the 15330's and 40's and made 481 miles of it. At this particular
Tocation on the river is the famous "Greenvilie Bends." Forty-five
miles of the river were reduces to 12 miles. Today, 35 vears after these
cutoffs were made, even after we have tried to hoid it in this rather
strange shape, the river stiil built back a series of pools and crossings.
They are short, but they are exactly oriented to the pools and crossings
of the old bendways.

Angther exampie 15 "The Rodney CutoTf.” Today this portion of
the river is a problem area and has been since right after the cutoff
occurred. Every vear for several weeks we dredge to keep the navigation
channel open.

Lasi year on the Mississippi River there was 230 some million tons
of freight shipped past Vicksburg, and it has doubled about every 10
vears, 5g¢ the river has to be kept open from a freight problem. Byt,
the main reason ['m showing you these is to show yvou what happens when
vou start disrupting a river, and that seems to be the one thing that
everybody wants to do; stralghien them out, flush the stuff through,
build a highway or railway along 1t, bank the river up against, it, and
squeeze it out. Whatever vou do be sure you don’'t forget what the river
is going to do by itself.

One good parameter that describes what is going on in a river is
the width-denth ratio. The higher the width-depth ratio the less
efficient the channel is.

In a typical valley you start out up in the hills, the mountains
or anywhere else, with a small stream that gradually grows into a big

stream. What I want to do is show that no matier what vou do to this



system, anywhere in it, you are very likely Lo cause changes in the
entire system. MNow the spead at which you will see those changes occur,
and the magnitude of the changes will depend on the siope of the valley
that the river is running through. Major changes higher up in the valley
will probably occur within the first hydrograph. Changes downstream,
however, may take 20. 30, or 40 vears. Somefimes the changes may be

5o slow something else will happen and hide or "mask” the response of

the first one.

On a particular stream back in the "40's and "50's & Tot of reser-
voirs were put in to control the fiood. From '41 to '54 all of the
reservolirs were buili and we lowered the flow Tine of these streams
roughly 4 feet at all stages.

When working with a river all we have to do is know what the river
is going to do and work with the river instead of against it. We don't
try to understand a river. Somebody decides they want something done
and they den't look at the consequences. They don't consider whether
they are helping the farmer and hindering somebody else; or whether they
are helping the man that has navigation iﬁié?&%%g or controliing floods
or what other damage they might do. What I'm trying to bring out is that
when you do something o a river, look at all aspacts of it, consider

every possibility before you start doing anything.
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West Gallatin River - Baker Creek Stability Study - A Progress Report
By
Dr. Donaid R. Reichmuth
Dept. of Civil Engineering & Engineering Mechanics
Montana State University

Bozeman, Montana

I would like to present to you a brief progress report on what 1 am doing
on the West Gallatin River. Figure 12 shows the river and the surrounding area.
There are a couple of unusual stream patterns in the area that bear some further
examination. First, why do all of these rivers come together at a point north of
Three Forks? It seems a little upnatural. Alsc why does Baker (reek exist? At
this point in time Baker Creek has no upstream surface connection with the West
Gallatin River. Therefore, Baker Creek is independent, at least at the surface,
of the main branch of the West Gallatin.

There are three controlling geologic conditions which explain there patterns.
First, the Jefferson, Madison and East Gallatin Rivers are all flowing against
north or west sides of their valleys. This is caused by a regional tiiting of the
entire basin to the northwest. Second, the Medison Plateau region consists of
series of fairly young and weak sedimentary rocks which have a gentle northeast
dip as is shown in Figure 12. This dip is less than two degrees. Third, at
voints A & B on Figure 12 the rivers flow over very resistant Precambrian rocks.
At these points it is very difficult for the rivers to downcut and Jocal base
level control occurs. These base level controis force the rivers to dump con-
siderable bedload above these points.

The channel pattern which develops on a given streich of river depends

largely on the material balance of the alluvium moving through that section
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of the valley. Figure 13 summarizes the relationship between channel pattern
and material balance. The portion of the West Gallatin River shown on Figure
12 has all three of the listed environments. The location of these environ-

ments are approximately shown in Table 1.

Approximate Location Material Balance
Headwaters

Gain

{Exrosion)

Mouth of Gallatin Canvon

Zero
(Dynamic Steady State)

Bozeman Hot Springs

EﬁLst
" (Deposition Larger Sizes}

Junction of Hast & West Gallatin —rf

Egﬁain
" {FErosion)

Logan

EELGSS
/ (Deposition Smaller Sizes)

Junetion Gallatin & Jefferson Rivers L

Table 1 ~- Material balance for the West Gallatin River

The spring flood {5 almost the entire story on the development of these

material balances.
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In our situation we have the gradient controlled by bedrock {Points A & B
in Figure 12)and the discharge is determined by the magnitude of the spring
runoff. Also because the area within the canyon is actively eroding there is

large amounts of sediments entering the jower sections of the West Gallatin River.

Now the problem that arises is what is the stability of the Tower West
Gallatin River? Remembering that the Jefferson, Madison, and East Gallatin
Bivers are definitely moving either west or north due to regional tilting.
The question arises concerning possible movement of the West Gallatin and
if it is moving what are going to be the controlling factors? Presently
there is a strong tendency for flood waters to be diverted down Baker Creek
(Figure 12}. This October I estimated that Baker (reek was carrying in the
neighborhood of one-third the water of the West Gallatin River although it
has no connection to the river and has very 1ittle intake area compared 1o
the West Gallatin River which has an entire mountain range for intake, Also
considerable quantities of large sized gravel are being deposited in the
Baker Creek section of the West Gallatin. People are in there with bulldozers,
trying to s?éﬁﬁ irrigation diversions, channel straighten, and pull snags out
of the river. There are a Tot of band aid activities going on, bul none
of these activities will greatly alter the basic relationships which govern
this section of river.

We have a braided agrading stream in the Baker {reek section. There
is an influx of solids that has basically all the size ranges to some maximum
size of probably 4 to 5 inches. Once you pass through this section you have

only much smaller material being transported. This braiding configuration is
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basically the same mechanism that develops 2 deita. The only reason tnat
vou have a braided stream is the fact that once the water drops 1ts bedload

it has to get back intec a channel to keep moving. The material is dumped

in one channe] unti] it gets too high. A new channel is then Tormed and

the process s repeated. A3 time passes the chennels continue to move. The
water simply acts as a dispersing mechanism for the solids. As indicated

in Figure 13 this type of an agrading section will certainly behave differently
than a meandering or eroding section. In a meandering section, usually

you have about the same size and amount of materisls moving through the
section which then indicates that your material balance basically is zero.
This action produces a dynamic steady state where the viver basically moves
laterally and material that is erpoded off of one bend is deposited very close
by. At best, we have a slow migration of material downstreanm.

In an eroding section Tike in the Gallatin Canyon, there develops a
“Y" shaped valley and the stream tends to be more straight. Normally all
sizes of material are coming in and the net amount of material being carried
increases. What happens in general is the material is picked up from an
eroding source area, 1% can be fransporied through an area of equilibrium,
and yltimately geis deposited in an agrading ares.

Narrowing our attention at this point fo the Baker Creek section., we will
see how this small area i3 being affected. Figure 14 shows a detaiied schematic
diagram of this area. The West Gallatin in this area is clearly caught in a
very shallow frough with the northeast dipping beds of the Madison Plateau

{Figure 12} forming the west flank while recent alluvial deposits of the
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river form the east flank., The agradation which is occcurring is filling the
trough and the northwest regional tiiting is slowly Torcing the river {o
migrate westward., Af the present time Baker (reek has well vegetated banks
and there is very 1ittle sign of bank erosion. However, 1t is tending to
Tower 1ts channel bottom by headward erpsion bescause of the accumylation
of suybsurface flow derived from the West Gallatin. OFf course as it lowers
its bed more subsurface flow will be obtained. This cvcle 1s obviousiy pro-
gressive and without man's intervention Baker Creek would uyltimately capture
the entire river,

If you owned a farm on Baker Creek you would be awfully unhappy if the
West Gallatin River and all this water ended up in your backyard dumping
its sediment Joad. Ue also have rail and highway structures over Baker (reek
which are too small to handle the entire flow. With such complexities, do
you keep the river where it is or do you let it divert into Baker Creek?

de still have to determine the rate of material deposition, the ratle
of stream shifting and what effect man's activities have had on these natural
processes, We plan to do the following. First, we will define the historical
behavior of the river. A hundred years ago., 1868, the original survey of
this area Qas completed. When streams cross the section lines, thelr position,
width and basic direction of flow was shown. Using these data along with
other old surveys and more recent aerial photos, we can get some idea of
the Tong term river stability. How man is starting to modify this stability
should also be evident from this historical examination of the records.

Next thing that we will attempt to do is to try to define the agradation

rate. If you have a 100 year record of where the river was, hopefully you
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can find a spot where there have been abrupt channel changes. Hopefully you
can dig up the sediments on these old channels and find out what the bed level
was at that time. It certainly will be difficult but we should be able %o
come up with some sort of rate of agradation for the river and & determination
of the volume of material that is actually coming in for a given time span.

At some point one must decide what to do with the system. Locally, near
Baker Creek, I think we can see & couple of the alternatives that are probably
open. You could let the entire river divert to Baker Creek and somehow try
to protect the farmers and structures that would be affected or you could
attempt to hold the river near its present Jocation. One thing is for sure
through, the material which is depositing in this area isn’t going to disappear
by evaporation. If you get it past the present deposition Tocation who will
be the one that lets the material deposit on his land downsiream? You've got
to make a decision concerning what vyou are going to do with this material.

You can do about three things as | sse it now. You can channelize the
river all the way to Canvon Ferry Reservoir, and dump it in the reservoir;
or you can move it on down the river 1o the area near where the Missouri
starts: or vou can dump it in the Baker Creek area. Certainly 1 you want
to hold it in the original channel you're going to have to somehow levee
it, build side boards on the sides, and so vou end up having a minature
Mississippi levee system. As the river continues o agrade you will have
to keep building the levees up higher and higher in the air and, of course,
each foot you've raised the river above surrounding ground, the more expensive
it gets. The other choice is to let it divert into the Baker Creek area and
dump its iocad there. This undoubtedly would cause the farmers and others in

that area problems and you'll have all those people on your back.



Fnyhow, someone 15 going to have To come up with feasible solutions for
this deposition. The final choice will ultimately have to be a political decision
that does the most good for the most people, taking into account 21l the
interests. 1 think basically that is where we've baen and where we're going.

I'11 entertain any questions at this point in time.

{(Question - Answer)

Question - Boland - Are there still problems upstream where the material

is entering the river in the Tirst place?

Answer - Reichmuth - You can try fo handie the material influx at the source,
but I don't think, short of building a dam across the &allatic Canvon, much
can be done to stop it from entering the system. HNow, certainly if you go up
there and log extnesively or change land use in the high country, you are
going to accelerate the erosion rate. But basically, | would think 11 would
take preity large changes upstream before you'vre going o really increase
significantly the amount of material in the system. The slopes are so stgep
already that the arez 135 in active erosion. This material simply will not

go away and it is the river’s iob to move it fo flatier areas.

Question - Bianchi - Don't you think that on the West Gallatin probably way
over half of 11 being sltersd each vear by irvigation, altered by man. Don't
you think this is increasing the amount of material?

Answer ~ Reichmuth - It is causing stable deposits to start to move again and

it is spreading out the arvea used to dump the material. In other words, you
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could probably get rid of the voiume of new material in a narrower band.

Now again this band isn't static. Once you get the river agraded to a point
you either have to spend money 1o keep it there with Tevees or dikes, or else
you've got to let it shift to another area. Certainly you've got to get rid of

5

that material. Where you do it has to be a political decision. In the case

e

of the Fish and Game thev would Tike %o see the river kept from spreading
out a1l over the country so you can at ieast have a fishery. But, having a
fishery doesn't mean the river has to stay static. It can be moved. But
when you do move this particular river you've got other probiems such as the
farmer problem. The other thing vou can do 1s let the material deposit in
areas of vigorous vegetative growth. Ouite possibly vou could at fiood stage
let this material spread it out and dump on the flcodplain. I think the

rate of agradation would be siow enough that you could stil] maintain vegetative
cover on it. I would think maybe this would be an ideal solution, i you
could somehow keep the brush, trees, and grasses on the area and let the
river agrade. But, let it agrade at a rate where the vegetation could keep
it covered. Now we're not doing this. It is obvious that the vegetation
is being stripped, the river is spreading oul and this is bad.

GQesiéﬁﬁ - When you talk about the material, you mean the water itself, or
the water and material?

Answer - The water in this discussion is almost incidental to the probiem.
For many vears there have been irrigation channels coming ¢ff the river
between Baker Creek and the mouth of the Galiatin Canyon which have caused

fish habitat problems during periods of low {low.
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At flood stage what percentage of water is taken out? I don't know
for sure byt 1 think i1ifs rather insignificant. The problem of getting
rid of the gravels which right now is causing the river fo spread out, 1is
more dependent on the incoming volume of soilds and the movement of
these solids is orimarily determined by peak river flows.
fluestion - Speaking about vegetation on agrading areas and stripping it off -
what's stripping it off?
Answer - During high water vou're approaching a point where you are trying to
run water on top of a hill. Right now you must put dikes or levees
on the river to hold it in a reasonable channel. This increased the energy
stored in the flow and mades the river more destruciive fo vegetation.
Maybe a better lona-term solution would be letting the river divert info
the Baker Creek drainage and then this other area would revegetate and
you'd regain it.
Question - We just completed a report on the hydraulics of the Gallatin. The
volume of the peak flows was about twice what they were in the 1030's. Do
you feel that this had anything to do with the loss of gtabitity?
Answer - Certainly, it's bound to. As I said eariier, the curves for solids
transport is very dependent on the peak flow and of course if you have a
cyclic peak it is going to do more damage than usual. But, yltimately the
Tonger term rate of the agradation is what is causing most of the oroblems.
Question - If the volume drops back to some normal interval, do you feel that

the agradation will continue at the same rate?
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Answer - If you Took at the agradation during a very short geciogic period,
say 5,000 years, 1t has been continuous but there certainly were and are
cvelic variations in the rate. 1 think that the agradation will con-

tinue and the rate of materials coming in is pretiy constant. Now
certainly the material enters the sysiem and 3718 up In the canyon

some place until it gets enough water to move 1t. So those rocks just

lay there in that channel until you get a peak big encugh to move them
down a 1ittle ways or maybe all the way. Now obviously what you think

is true, the problem is being made more severe by the fact that you have
high peak flows right now. Its tearing up things now that maybe will

tablize. If you start having Tow peaks, there will be a lendency maybe

L

for nature to try o heal the wounds. You will reach a point in time,

however, where maybe nature won't be given a chance. Man has pretty

well tried to take nature's role away from it and as Tong as we are in

there with bulidozers, diverting, cutting off these meanders, cleaning channels,

doing 211 these things, you are going to have an instability problem.

i

Certainly somebody is going to have to find Tongterm answers or else you're
going to have an awful problem.

Question - Do you find that the channel is progressively shallower?

Answer - The main one? Sure. It's losing some water. The fact that the
other one if flowing water is clear evidence of thatl.

Ouestion - ls the depth of that channel progressively less?

Inswer - In those areas where man has been active either in the channels or

=

on the banks there has been a tendency for the channel cross-section 1o get

wider and shallower, Also, the river is definitely agrading. Now it is getting



wider based on the records of the original 1868 land survey. Those

records give us a definite Tix on the width,

a braided channel. [t was pretty much confined to one channel 100
Years ago.

Question - Are you aware that where Baker Creek comes within about

50 feet of the West Ballatin River right now, the bed of Baker (resk

was ¢ Teet Tower than the West Gallatin River?

Answer - Now you are trying to keep the river on top of & hill. How

Tong vou can do it depends on how much money you want to spend Tor 1t
Ouestion - Have vou considered the idea of a whole bunch of small dams

in the headwaters? VYou could keep these reservoirs empty until such a

time as you needed them to stop peak flows. This would control runeff

and Tower erpsion.

Answer - No I haven't. At this point in time we have concentrated on the
geology of the basic problem. There are many potential solutions that uitimately
will have to have some rather broad study. VYecu have the material, you have to
get rid of it. This can be done at different places or you can siuice it to

ervoir iF you can build &

1

another area. You can even dump 11 in Lanyon Ferry Re

channel big enough, or deep enocugh that will carry the load. I don't think

Shh

(fw

that would be ftoo good though.
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Answer (Simons)--1 think we can make hydraulic computations that are
accurate with plus or minus 15 percent to predict what happens as a
consequence of steepening channels by constructing cutoffs and what
happens as a consequence of other types of channelization efforts,
Actually it would be very easy to double the velocity Tocally in a
channel by making cutoffs. Angther interesiing point to keep in mind
is sediment iransport. The ifransport of materials increases signifi-
cantly with an increase in velocity. Transport is a function of size
of bed material and a function of the velocity to some exponent. In
other words, if you double the velocity in a river system you may quad-
ruple or you may increase transport by tenfold or more, This response,
in terms of increased transport when we intrease the velocities nust

be evaluated very carefuily. Smail changes in velocities can cause
significant changes in the channel system. Considering the tvpe of
problem that has been described here the approach fo date is excellent
but whenever possible a gquantative approach should be followed., Detailed
computations and analysis are required to evaluate the consequences of
charnnel changes on the system. On the other hand, bear in mind that as
a consequence of naturail effects rivers will be subjected fo major
flooding. We don't know whether this flooding will occur tomorrow,

in 10 years, 100 vears, or 1,000 years. Ons thing that we are certain
of is that major flows will occur and when they occur changes will
occur in the system. In this case you have braided segment of channel
that is acting as a trap for excess sedimenis. As sedimenis deposit

in the area there is a natural fendency for the channel to break out
ane way ov another from the present alignment. In this case slopes are

such that the river has a tendency to break out toward Baker Cresk.
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You can continue to hold it in this alignment for the time being but
sponer or later it will probably break cut one way or another, As an
alternate you could channelize this reach and cavry the sediment on
through as stated. However, if these sediments are carried for example
into a reserveir area their deposition will deplete the storage capacity
of the reservoir. The major point is that whenever we take some action
in the particular area 1t usually causes some new situation in an
adjacent area, 1T emphasizes the necessity to take a look at the total
system. One excellent way to gain an idea of the total system is to
actually construct a physical or a mathematical mode] or some combination
of both may be used to evaluate the system. Using the mathematical
model one can route water and sediment through the system for & drought
period, average periods, and flood periods. One can gain an excellent
idea about how the characteristics of the channel and the adjacent
topography react. The mathematical modeling method looking at rivers

is also an excellent procedure when considering alternatives., At this
point in time we may argue that mathematical models are not capable of
giving precise quantitative values on the other hand, they certainly
allow you to see in a general way the many alternatives and fo evaluate
in a general way the response of the system to different development
plans. We have many such cases throughout the United States. For
example, Albuguerque, New Mexico, Tocated on the Rio Grande, originally
was setling 10-15 feet above the bed of the river. Subseguently a
reservoir was built downstream of Albuguerque. As the sediment deposited
from the river in the reservoir, agoredation was induced in the channel.
Ultimately, this extended on up into the Albuguerque area and presently

the river bed is perched in many instances above the city. [t is
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virtually a certainty that some time in the future this perched river
will break out of its present aligmment and cause serious flooding.
Question {Whitney]--IT 1 understood Bob Winkley correctly, he said a
place in the Mississiopi braided because it was straightened. Will
straightening really help the situation out here?

Answer {Winkley;--The braiding cccurred there because we increased

the slope of the river and we passed that threshold between & braided
and a meandering stream. By straightening the siose, as Dr. Simons

was saying here, we increased the sediment transport and the velocity
and we actuyally ended up with 3 braided type siream. If Tet go long
encugh, nature would have cured it, had there been no structures put in
te hold it in one particular plan geometry. So anything you do to a
stream, unless you forcefully hold it there, is only a temporary thing.
Tuestion (Whitney)--One solution, where there is agrading, is to cut it
straight and pass the problem downstream. Would you really pass it

on downsirsam?

Answer {Winkleyi--Well it probably depends on downstiream conditions and
I'm not familiar enough with the area to answer that guestion. It'1]
all depend on the slope and the availabie sedimenis and no matter what
vou do with 1€ will respond to them. You'd have to go out and ook

at actual conditions to teil what is going fo happen, and then its

just & good caiculated guess.

Simons--1f you could steepen the channel in the reach it would increase
the capacity of the stream to transport sediment. One could increase
the ability of the stream to carry sediments by alterating its align-

ment, by changing 1ts width, depth ratio and so forth. Various
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combinations of approaches are available. Bear in mind though, that
it is sort of a pick up here and dump it there proposition. If we don't
oroperly design for the tota’l system, 11 has been said before, we may
correct the Tocal problem only to c¢reate a worse one elsewhere. We
are saying that hefore making any changes in a river system we need fo
make a complete study, take a total Took to determine the alternatives
and then atiempt Lo proceed so that the expenditures are minimized and
so that the least number of people are hurt, Conversely, we might say
that we are developing so that the largest number of people benefit.
Reichmuth--Well this stream is interesting to note that the first trap
iz takiag out the Tiner sediment materiais and then at Canyon Ferry

we are taking cut the silt. We have basically three fraps that are
taking cut different sizes and s0 the firsi Trap here at Baker Creek
you are passing on, mavbe everything bigger than an inch. And you

go down there to Trident, around that area near Three Forks State

Park and find what comes out there gets down to minus 1 inch o coarse
down to maybe sand size and then finer things in there are coming on
through to the reservoir. So you have to look at each size range 1o
ses what happens at that, when we say at any one size range--hoids true,
only that size.

Question (Miller)-<We ars going fo gel into this problen of riprapping
and riprapping on the bends of these channels, and getting to the place
now tnat maybe every other bend of the river, a few thousand feet of
riprapping. Now what effect is this going to have on the stream? Are
we going to keep fighting this?

Answer (Simons)--There are various answers to this cuestion. Bob has

had Tots of experience with the Mississippi. Much of our experience
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has bheen on smaller systems. More recently we have been doing some
studies in the lTaboratory trying to tie all aspects of the problem
together., But bear in mind these streams are live dynamic systems that
change with time. Left alone, there s & tﬁﬁﬁ@ﬁéy for them to build up
or shift laterally one way or another, depending upon climate and other
factors, Whenever we nail a river down at one point or a series of
points, the other portions of the river continue to change. As a conse-
quence the total geomeiry changes. Hence, when we stabilize a particular
hend it's often only a temporary relief., The rest of the river continues
to change yntil it may become incompatible with the bend which has been
stabilized and subseguently failyre within that bend must occur.

Question (Peterson)--Isn't this related to the stabilization of this
area? If 1 were on the inside of the bend I would think my property is
more valuable than the guy across the stream. ¥hat do you build the
structure for? 5-year flood, 50-year flood?

Answer {Winkley)--~In time this bank is also going to work back and what
you end up with is a good efficient channel up to some point, but beyond
some point vou may develop a wide, shallow channel. VYou may actually
Tose your flood conirol on ii. 5S¢ you almost have to think about both
sides of the river if you are going to do it. That's another problem,
what are you going to do with the sediment? Where are you going to put
1£? Wish all the answers wers there.

Simons--1 wish to stress again that a river system is dynamic and changes
with time. If vou decide to fix it in a particular position it serves

as a geologic control to some exfent. IF this point can't move with

the river the natural sequence of ripples and pools s affected. Refixed

or stabilized points may become a thorn inside the system. The river
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ultimately may reject it. If one studies viver control done on river
systems many years ago, such as In Europe you will find incidents where
0ld structures that were put in time and time again are now setting
anywhere from thousands of feet to miles away from the present channel.
This certainly is a test to fact that these changes in river systems

goes on.

Question {Peterson)--If you do stabiiize this area, the angle of
deflection, and you don't say downstream, you don't stabilize the outside
bend, will vou then cause accelerated erosion during peak flows on the
pother side? And if so, what if you have split ownership on both

sides of the bank, in other words, & guy on the right stabilizes it,
should he be responsible for the other side of the bank?

Ariswer {Simons)--1 don't know what the laws are,

Answer [Winkley)}--This {s what we’'ve found on many of the bigger rivers.
Normally a migrating stream is having new material introduced continuously
from this outside bank.

Audience--Are vou saying that all riprap s bad then?

Answer [Simons)--Not at all. 1 am saying we must consider a1l of the
important variables and ail of the interesis before acting. More
specifically 1 think riprap is an excellent means of solving certain
stability problems. On the other hand, 1ts not The solution to all
problems. I don't want to imply that riprapping or stabiiizing 2
narticular section is bad but we do need to consider the consequences

of ytilizing it. What is it going to do to the fellow on the other side
of the river, what responses will 1t cause in the river system downstreanm,
and the changes induced may be sufficiently slow so that we may not need to

worry about them. However, I stress again that at a fixed point in the
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river the channel may streich away or vary with the respect of this
fixed ooint in such a way that the system breaks up and we end up with
some new type of formation., This sort of thing is going on continuously.
Guestion {Spence)--ls there a chance of passing the problem upstreanm as
well as downstream?

Answer {Simons)--The chance s not as great. When you hold this point
the whole system tends to compress foward the point and the meander
lengths can shorten to such an extent that cutoffs occur and other
major changes result., Down here the river tends o stretch away from
the fixed pvoint from my Timited experience I think that we see more
rapid responses downstream of the fixed point than upstream of it.
Winklev--Well, 1t'17 go both directions until some cther control take

pver, The speed and the magnitude of the change there again is going to

e
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depend on mainly two factors. The size and type of the bed and bank

5

material, and the gradient of the stream. If it is fairly steep and

the material faivly fire, the response will be rather quick. If you
have big cobbles, four- or five-inch gravel, and fairly well graded,
then 1t may take many years before you will ever see it.

Simons--0n the other hand, you might get the so called 1,000 or 100,000
year flood after having a system stabilized Tor a hundred years or more.
Such 2 flood may cause the river fo change the alignment 1o a completely
different position, so is no total solution.

Question (Miller)--Do these things compound? UWhen you keep nailing them
down are you putting a iot of pressure on the areas that aren't creating
probiems at an exponential rate?

Answer {Simonsi--1 don't know if I can answer your guestion adeguately.

There are certain geologic controls and the river has certain
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characteristics between these controis. Such geologic controls may
dominate the system, if in addition we riprap segments of the river
between these geclogic controls they serve in a similar way. The river
now has to develop some geometry it can Tive with between these fixed
points., If cne studies the total system I think it is possible to
predict the type of responses thal the sysiem will undergo after one
places new controls within it. Alsc, we can give some pretty good
estimates on rates of change, on the other hand, as Mr., Winkley stated
we may have 100 or more variables involved in making a precise
prediction. In summary, Tixing different positions or different reaches
of a river causes these fixed or stabilized reaches to act as geologic
controis, The river attempis to adjust between these fixed points to
some new alignment consistent with them,

Audience--By adjusting do you mean there will be more instability in the

areas bhetwsen the Fixed poinis?

4

Answer (Simons)--Yes. Usually the channel adjustment is brought about
by deposition in new areas; the development of alfernate bars in different
positions and so forth. These changes are accompanied by a change in
the thalweg position and with this the flow begins to erode different
and new parts of the bank, cui new bends, deposit new bars until it
ultimately arrived at some new average equilibrium between these fixed
poinis.

Answer {(Simons)--That's true. If we sti11 have water in reservoirs it
is possible that the consequence of having a reservoirs full making
reservolirs releases couplad with heavy precipitation, snow melt and s¢
forth that a larger than normal flood may occur. This larger flow will

%

instability problems. Generally downstream of a
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reservolr degradation occurs because of the clear water release. This
causes a steep unstable bank that may be undercutifing and sloffing.
Putting 2 larger amount of water in such channels can cause very serious
arosion problems. This extra sediment Joad ravely gets carried on
through the system. When the waler and sediment reaches a flatter
segment of the river the materials drop out causing new and possibly
severe problems in that vicinity.
Winkley--We've got a problem Tike That in some of the big alluvial
vallays of the Mississippi, where we built reservoir controls and then
improved the channel below. They cleared some of the vegetation out
and tried to make a more efficient water convevance channel. Many
nlaces they straighitened the river with cutoffs. They designed it for
3 certain flow that will take a normal reservoir release, with some
safety measures. But, in the last 20 years these channels have filled
in and deteriorated to the noint that now they won't take that normal
reservoir release and they need to be cleaned cut. Now we face the
problem that we can’t even contain a normai fiocod in these channels,
but the environmentalists won't Jet us dredge them and spoil anywhere,
I guess we wait until there is 2 really big flood and everybody gets
stirred up and then people will act. Bui, the problem is there.
Solving the flood control helped create a new set of control problems.
(We should have had the environmentalists a long time ago and it may
have staved where it is.) But. in the meantime the land that was worth
5.00 an acre 15 now worth about §1,000 an acre and where thére were
2 or 3 people per square mile there are several hundred and lots of

industry, so I don't know what you're going To stoop.
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Simons--1 guess 1t depends on your intent and purpose. On the Mississippi

the most ideal Tand to own would be that on the concave side of the bend.

REMOTE SENSING--SKINNER. I will give you a description of a new technigue

for identifying certain phenomenon about rivers., It's a technique that

I have been using for about 10 years. It amounts to using certain equip-

ment from an aircraft io record vriver behavior. One of the most common

forms is aerial photography. I am going to show you some examples of

color infrared aerial photography and a couple other systems that we

think have definite advantages and applications for looking at rivers as

a total system. Whatever you do at one particular Tocation on a stream

certainly affects both upstream and downstream factors. Seo you do

need 1o begin to look at a river as a total system and there's really

no better way than o actually overfly the selected stretches of a river.
The systems that we use are flown in a light aircraft, specially

modified to accept these systems. That is, vou have to have camera

the bottom of the aircrafi. There are a variety of small
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aircrafi that you can put these things into. The particular one that
we fly s an Aero Commander, a twin engine airnlane, which has suffi-
cient room to fly two systems at the same time,

Three basic systems are very useful for Tooking at rivers:; multiband
photography, photogrammetry and Tine scapners. A line scanner, in this
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case, 1s a thermal infrared Vine scanner. Photogrammetry system involves

primarily analytical photogrammetry, whare we're trying to determine
very precisely the location of single points on the ground. For example,
one needs information about slope of river, width of charnel, radius of
curvature of bends, and how much material has been eroded from bands.

Multiband photography provides a method for qualitative interpretation.



Multiband photography provides a means of recording a picture of
a scene using several discrete bands of the spectrum. The multiband
camera that we use obtains four pictures of the same scene through four
different lenses. Fach of thess lenses is filtered to accept four
discrete portions of the spectrum; the blue, green, red, and photographic
infrared. One can look at those pictures individually, and generally
they appear a 11ttle bit different depending upon which portion of the
spectrum you selected to record thal picture in. In addition you
can combine those four in any combination that you might want to enhance
what you are after. As an example, vou might want to create color
infrared photography. The vegetation that is green you might want to
call red. {(Color infrared film produces essentially the same thing.)
This has considerable use for rivers. Not only does it help you find
the green vegetation, but i1t allows you fo trace sediment patterns in
streams, detect sediment sources; and detect banks that are rapidiy
eroding. Color infrared photography is probably one of the most useful
single sensors that we have found for looking at river systems.

Let's Took now at photogrammetry. Generally a precision mapping
camera is required. The lans on this camera weighs almost 40 pounds,
and is the most costly portion of the camera. The fransparencies from
a precision mapping camera can be placed in a Kelsh Plotter f{o make a
map. You can draw contours, delineate the floodplain, trace the stream
pattern, and put in the cultural features.

We are also interesied in using analytical photogrammeiry where
we can determine the precise lTocation of an individual point. This is
a Wild, STK-1 precision sterzocomparator. Photographs are piaced in

these two positions, and the operator can place the floating dot on



(A1
£ot

the position of the ground he is interested in. Subsequently by

-

pushing a foot button the position information will be digitized and
reproduce on an IBM card. The IBM card is placed in a computer, along
with the appropriate software and the printout gives you the spatial
pogition of the poini. For example, you can fly over a vriver Trom a
height of about 1500 feet and deterwine elevation differences of well
marked points with this equipment on the order of 0.2 feet.

The photography taken with a precision mapping camera produces a

i

9% x §" format of high resolution and minimum distortion. Some exampies
of prints from such & camera are available on the table for you to
observe

Sediment is one of the big things that we are Interasted in.

Color infrared photography enhances sediment concentration differences
and vegetation growth along the banks can be mapped.

Minus-blue fiim can be used 1o enhance drainage patterns and detect
areas where the soil has been disturbed, either by animals or man.
Question--This also stands out in Timber country?

Answer--1f you can see down through the timber you can see the enhanced
pattern. HNow let's Jock at the line scanners. In this case, a three-
sided mirror, rotates to provide a scan in a direction transverse to

the direction of flight. The radiant energy comes up off the ground,
strikes the wmirror and 1s focused onte a detector which converts that
energy into a voliage which can be used to modulate a glow tube to
produce a g%aiafe{ The picture (image) looks very much tike a photograph.

Here is an example of a thermal infrared image of the Beaverhead
River and Clark Canyon Reserveir near Dition, Montana. Temperature
differences in the water show up as a difference in black or white, or

tones of gray



Guestion {Audience)--What about the sediment, could you see this?

Answer (Skinner)--That was usually the same temperature as the receiving
water 5o vou had to rely on the color infrared photography to discriminate
that. That is the value of using two systems at the same time, if one

of the sensors doesn't detect 1% the other sensor may.

Question (Tennant)--On that photograph on the Clarks Fork, did you do

that with someone else, 1ike the Bureau?

Answer {Skinner)--The Bureau of Reclamation, John Keys, Billings, Montana,
was the man we worked with.

Question {Tennant}--If we were to get a set of prints how much would

Answer {Skinner)--You can contact Mr. Keys for a price.

Question {Tennant)--Can you make duplicates from originals?

Answer {Skinneri--Yes.

Question {Miller)--Doesn’'t the Montana Highway Department have a RC-B
camera 1ike vours?

Answer {(Skinner)--They have a Wild R.C.-10 which i3 a newer version

than the RL-8,

GEMERAL DISCUSSION

Simons-~I1 think we have done a Vot of waving of arms in saying that

there is an almost unidentifiable number of variables and have maybe sort
of Teft the impression that whatever you do there is high risk. But,

I'd speculate that the four of us sitting here would argue that if you
get someone knowledgeable about the geology, the materials, river, and
the hydrology, that you can use reliable, simple relationships which

relate to these types of variables which we have information on and you
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can come up with some pretty good answers, You can't guarantee that it
is going to be precise, but they are good enough to give you an extremely
good indication of what is going to happen. It can Tet you see the

alternatives of doing this or

e
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doing that so that you can assess the
damage. We know the basic forces, we know how the water interacts with
the alluvium, and you can Took at the alternatives and some knowledgeabie
people can say alright, i1 you do this, this will probably happen.

Then 1 think you can see who benefits from sach cass. 1 don't know

how you decide which way vou do it, maybe you issue ball bats and put
them in a reoom and Tock the door, and mavbe vou take 1t to the courts,
but it's not an easy problem,

Question {F & G)-- How much information and time do vou fellows want

to have before you could make decisions as to whether any one of our
many riprap projects is going to be a really detrimental project

ovr one that wasn't going to hurt something?

fmons--1 think 1f one could quickly take a ook and see what kind of
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flow data are available through state and USGS type agencies who collect
flow data, 1f there were some soil surveys aiong the banks and sampling
done of the bed materials, maybe that would all be available. If that
wasn't, one wouid want to go out and maybe get a pretiv good handle on
what the materials are, not only in the channel, but adjacent fo it.

You would need to get some information on the geometry of the stream,

its profiie and basically with this kind of information, the character-
istics of the bed materials, the type of flow it's subjected to, then you
could carry 7t cyt. VYou §Qaéé go out and leok at one of these problems
and give someone a pretiy good estimate on it in a matter of a few days

time if the datz are available,
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If you had to go in and get some of the data or if there was no
hydrotogic information at all and you had to sort of synthesize your
hydrological data, based upon watershed characteristics, ete., it would
be a little move of an effort: but, i1 surely isn't a one-year study.
I'm sure Mr, Winkley could site many instances where decisions of a
@%eiiy zsizeable magnitude have to be made in a hurry. If vou've got
knowledgeabie people, can get these various falents together and have
the information at hand, you can spall oul the alternative with reason-
able precision. Now what 1s right, I guess depends upon due process
because definitely what is right for one group isn’t necessarily right
for another group and I guess what we are a1l striving to do is say
alright, what is, in general, best for everybody. {Not that things
get decided that way all the time.}

Question--You saild vesterday that you weren't against all riprap. Uhat
riprap do you think 4s justifiable on a river?

Simons--Well Tet me hit just a few cases. First of all in just going
out and randomly correcting the bad spots in the river using riprap
isn't the right way. For example, 1F you go out and look at this

river system, first of all an overview, and determine the geclogic
outcroppings, maybe where channels have filled, anything that is more
resistant to erosion, you've got certain fixed points on your river

and these fixed points control the river. If the gradients hold tight,
why then these sort of lock it in. As Tong as you do something

consistent with these controls, you might go and use riprap. 1 think
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alignment. They don’t just go oul and do something on the spur of the

moment, they'll have their work plan laid out four years ahead.
Winkiey--Presently we are working eight years ahead because we found

out that you just don't go in and indicriminately install riprap. I'd

tike to work a Tittle bit further than that, but that's ac far as the

Tk

people who have the dollars say go. Ue are working on 300 miles of the
Mississipp? River and we are trying to develop a plan in that eight
years so that we are utilizing the structures that are there, the
work that has been done, the knowledge we know in trying to develop
what we want in the river by successive years work, knowing we've got
s0 many dollars to spend each year.
Simons--Let the river adjust to the alignment you want and you've got
to have dollars and some method of natling it there. But. vou try to
get it into some form that is consistant with these geologic control
points. 1 think if vou do a Tittle bit of it here and there with this
sort of an approach, you can nail 1t down, vou can have a suitable
alignment that is reasonably good for perhaps fisheries and wildlife,
maybe not as good as in the natural state, maybe better, I don't know;
but just to go out and riprap a river indiscriminately without looking
at these other condifions, no.

What are some of the other situations where it's Tess questionable,
take bridges for example. I don't think any of us would argue that
if you are going to put & bridge across a river, or any type of a

g,

structure that constricts the flow, we've got a potential to scour and

LK

vou've oot to do something fo control it
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Certainly we build all kinds of water distribution systems. Our
canals for the most part have been buiit essentially on the contours
flat gradient, and we know that on the oculside of the bends, they tend
to scour and you are limited o right-of-way. So 1t seems perfectly
Tegitimate where you buiid a canal, vou need to nail it down into
alignment and vou control the flow between limits and the sediment
between 1imits, that vou might use something to help nail it down so
it didn't wander outside of the right-of-way. I you Tet it have the
freedom to move Tike a2 viver doss and move mavbe several hundrads or
seyeral thousands of feet, you've got tmmediazte problems.

Certainly, in cases where vou run powerlines across rivers, we've
not found & hetter means of stabilizing the bases of these towers that
suppert the higher transmission lines than riprap. In Canada, for
example, if the powerlines came down, you might shut off an aluminum
industry, Riprap prevents such a failure which might take you a miilion
and a half bucks to crank back up.

Take the transmountain diversion problem, I pointed ocut a
couple of situations that fell in the category in Colorado. The
politicians and the economists were willing to do something that
changed the flow %o some major degree, and think now about this for the
moment.  Anviime we take an existing channel and put mors water in i1,
the channel is too steep, and its going to start to degrade and tear
down the banks and take on a totally new geomeiry., Well if you are
going to make that kind of a move, then I fhink in advance you've got
to go in and decide whal gradient is suitable. Often rock will do the
Job and you flatiten the gradient. You can iry to preserve some of the

naturalness, also.
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Certainly downstream of dams, wherever we are going to put storage
reservoirs, or wherever we have them, and these trap the sediment and
you essentiaily, as an old friend once said: "They release hungry water,®
you tend to pick up more of the sediment there and the channel starts
to change. Maybe under those circumstances you need to put in controls;
look at the new system and rock might be one wav--some type of riprap.
You may have some bad channel which you want to improve for example in
the relationship shown yesterday, 1%t can be very critical in many
instances whether the channel s meandering or whether 1t is braiding.
And generaily speaking, a channel that braids very much is not good for
anybody. That may be an over-generalization of the case, but it has a
lot of bad characteristics. In many instances, from my viewpoint, is
the possibility of going in and studying to see where this thing is
poised and maybe by putting in some minor contrals which would bhe
analogous to what have been given by old mother nature's controls, you
might flatten that gradient enough %o where you shift it from one case
to another and you might take something that is useless from the view-
point of recreation and make 11 extremely useful. You could also use
it to help initiate the correct riffle-pool zequence.

You can tie this in with the vegetation patterns. You could look
at the type of thing that you are really striving for. Look at the
business of flood control. Where these people, independent of you or I,
often do something that Towers the stage in the main stem. This
essentialiy steepends the gradient of every tributary into the main
stem. And if you don't do something about it, and vou initiate these

head cuts up These fributaries, you can Viterally release millions of
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tons of a1l corts of materials which come down, dump into the main stem

and changes its gradient. You may go from a very desirable system o an

extremely poor system. Yell maybe you don’t want to use rocks in that
case, maybe something out of concrete, 11 would depend upon the case.

I can see that through surveys on the ground, remote sensiag,
you might identify some of these key producers of sediment and you
might use this as & technigue for Tdentifying where you might go in
and try and control to some degree that sediment source, for example.

These are just some of the things that cross my mind regarding the
use of riprap, but if you want something more specific about how I feel
about it, we have just completed a study about a year and a half age
for the Department of Transportation and the Wyoming Highway Commission
an what you can or cannot accomplish with riprap in terms of stability.
We actually worked with velocities on the order of 15 feet per second,
and rock up to 18 inches in diameter. We've had some field test cases
and again we're not saying its good, but we're saying 17 you are going
to do it, thic s the kind of information you basically need, this is
the approach you need fo take in order fo make the riprap stay in one
500U,
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Corps’ annual cost on maintenance on ripraps
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Peterson--What i

T

Winkley--Well, s talk about bank revetment or bank protection,

hecause we use several fypes. On the main stem of the Mississippi we

are replacing the entire system theoretically, every 30 years. Its not

that we have had with our stream riprap
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comes under the Corps’ emergency fiood-central arrangement. You talk
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about 4 years end 8 vears of planning; we talk about it the middle of
April and by the first of May they've got bulldozers and draglines in
there. The tvpe of engineering that 1s concerned there is somebody

calculated how many yerds of fill they need and how many miles they got

instant problem,”

Audience--And then the next year over and above that th ey've got

E

another problem. It's a continuing problem. The counties use this
Corps assistance because its available. They try to get new roads,

new bridges, new dikss, new Tevees, and everything., Its just a constant

vy

source of recreating an unstable situation.

Winklay--Well, in light of that the question that was asked previousiy
about what information vou needed, Tet me make one comment. In addition
to what Dr. Simons said, you might go back and dig sut whatever geclogic
information is available. It is important o know where vour river is
going to change characteristics and where your control points are. You
might dig out any aerial surveys of the entire drainage basin. Because
you really have to look at the entire basin, vou can't just Took at one
small reach of the river as you pointed out there and do semething to

it. The effect of that, In time, is going to be felt somehow through the

fas

entire system. Now you may not notice that effect going all the way
through the entire system because something else happens that nullifies
it, but you can be assured that when you do something to the river,
something is going to happen Lo the snfire sysianm.

Simons--You know 1 might just wention one thing, ['ve got to give a

T

paper this coming Wednesday in Houston, Texas on Rivers and Research

Needs in Rivers. But, 1 think one of the most serious oroblems we've
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got is just our method of teaching or not teaching people. For example,
if you lock at the engineering curriculum which produces Bachelors of
science Degree pecple who go out for consulting firms, for federal
agencies, and for state agencies. These people with a bachelors degree
that come cut of 99.9 percent of our schools have fluid mechanics as iis
applied to rigid boundary systems, they may have had a smattering of
geology, but probably no introduction at ail o geomorphology. They
may have had just a wee bit of hydrology. They may have heard a tittle
bit about hydraulic structures. I think you can say the same thing in
terms of really teaching a knowledgeable amount of information to our
young people in other areas such as forestry and watershed management,
in geology itself, and so on. [ think we are turning a 1ot of people
loose to work on these problems that don't really have the background.
what T surely think that we are going to have to do is somehow
supplement their education. Maybe disseminate a 1ittle move information
hecause often these peopie who go out, and as you say, in a few hours
decide in terms of cut and fi11 of alignment, what they are going to do
with no other treatment, really don't have the background knowledge,

the training to realize what the consequences of thelr actions really
are. And until we can develop some betier method of disseminating
information and working as a group on these problems, we're going to
continue to get some pretiy miserable blunders.

Bianchi--That is the problem, just like you say, not Tooking at the
entire system. This is our problem. Every agency that 1is working on

our rivers looks at the immediate problem, whether its the Corps or
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anybody else. This is what we've been talking about for a Tong time.
Let's Took at the whele plan-~the whele floodplain and try to develop

a plan, Whether its riprap, a Band-Aid here and there, or whatever
they're going to do. But, vou can’t get anybody eise to lfook at it.
They go out in one day and make a decision and the next day the bull-
dozer is in there and they're hauling rock in.

Simons--¥ell, I think the process is slowing down, for example, I

showed some photographs yesterday of part of the Colorade, upstream from
Glenwood Springs. Three years ago we were going ahead gung ho and we
were doing a Tittle work with a consulting firm out of Idaho that had
the problem of how they would encroach on the river to get width for
right-of-way in order to go to four-lane divided, and that is absolutely
shut off. I don't know what they will ever do. Maybe they never will,
but from where 1 51t I can ses there is a lot more interchange of
information and there is a lot more sitting avound the table to exchange
information., Of course, some pounding on the iable and some blood-
fetting, but we are starting to communicate, I think a Tittle better
than we have previously.

Winkley-~In addition to that, {and now I'm not frying to defend the
Corps), but they have put in an environmental section in the last

couple of vears. In Vicksburg we have a potamology section which is
more or less Tooking at the overall effect of things. HNo project

gets past the initial planning stage unti! we take a Took at it now and
say you've got to consider these things, or you must look at this,

you've got to do that, or you have To coliect this data befors it goes



even into the complete planning stage. So, at least there is improvement
coming, but its going to take time.

Boland--What about these emergency projects that happen in Tike § days?
Winkley--Well, they are still there and when somebody is up to here in
water, he gels attention, whether 1fs right or wrong.

Simons--Especially 1f he had some political friends.

Bishop--Freguentiy though, for instance, these projects will have been
brought to the Coros some months in advance and then whan the Covps
doesn't get to it, the waters are apt to spill over.

Winkley--Well, I can tell vou how that happens. Thal's called basket
niacing. The guy that got it looks at it and says I have fo do some-
thing about that and he puts 1t in his "something to do basket” and

by the time he gets it out one day and he has a cup of coffee and
thinking about things and he says, "How ['ve got to do something about
this.® So he takes it over fo another division or somewhere that needs
to make some decisions, and by the time it gets down to the poor peon
that came out o Yook at it, 1fs been six months geffing to him and he's
got two weeks to come up with & plan. Now that happens tco be the bureau-
acracy way of doing it and if you can change that 1'17 vote for you.
Simons--1 don't think that is Timited %o just the Corps. This zlso
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happens in Universities.

Question {(Gaffrney)--1'd 1ike 1o ask whether any of this information we
have been talking about comes ocut in a simple form or phamphlef thati we
could use when we are talking fo an individuyal invelved in one of these
river projects. You guys are 811 falking about pretiy extensive

knowledge of a river system, and I don't know of a case where we have
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ever been butting heads out on the bank of & river on one of these
oroblems where this kind of information is available, The common answer
we get when we are talking to a landowner for example aboul whether or
not he should riprap & particular bend and we say maybe this will effect
ypstream or downstream, or maybe this is a resuit of what your neighbor
has done. He says 1 don't care what my neighbor did, 1 want to stabilize
this point. Mavbe we're not good enough salesmen, I don't really know
where you would go to from that point unless you've gol something that
you can put vour Tinger on to try to convince that fellow that even
though he feels he is helping himself temporarily, he may hurt somebody
else or another spot on his Tand. Is there anything available that we
could use in simplified form that might help us over this part of it?
Simons--Hot, from my point of view, that necessarily covers everything.
There's Tots of excellent reports that maybe cover a piece There and &
piece here, but in terms of someone having taken curvent knowledge,
kaf%ieé it together in & way that would be useful to a broad spectrum

of interesis, vou are at the mercy of various people that you can talk
to. Now 1 know that we as 2 group have talked about this. There's
probably been tens of millions of dollars of work done by various state
and federal agencies, by universities, by consulting firms that relate
to these problems. I've got a room a fourth as big as this with the
walls completely covered with book cases and has nothing in 11 but Just
stuff on these topics; overiapped 99 times in some cases with 99
different answers. And, what we really need to do to help accomplish
what we are talking sbout is if somehow a group of people, some guy who
had the time and effort to pull the pieces together, could do what vou

are talking about, I think we are to where something useful could come out,
g
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The schools have been relied on to a large degree fo get out stuff
into print. But, take this stuff, there is very Timited use for it.
There is no money in writing it. Its only honor and glory and maybe more
criticism than either of those two. You've had a very limited number
of peonle that are interested in this.

Take hydraulic structures, for example. There really haven't been
any hydraulic structures books written since those written in 1916 and
1917, And why not, 1t's not bscause there isn’t a need, it's not that
there hasn't been advancements, but it takes a lot of effort to get
this thing into print and past the reviewers. When you finally crank
it out and you figure you've got a limited sale, mavbe Z or 3 thousand
copies, and you divided the 2 or 3 thousand copies into the cost of
doing 1%, and it comes out $75.00 a volume, you essentially shrug. HWell,
T teach, or try to teach, I should say, in the fall quarter of each
year a course called "Erosion and Sedimentation” which is sort of
introductory to this. Winter @&&?%&? we have another course which is a
follow-up on convevance structures, stabilization, and appurtenances
and how this all Tits together, coupling the water and the sediment
mostly in distribution systems. Then spring quarter we have a
follow-up course on river mechanics and potamology, where we try to
knit this all together. What do we use Zo teach from? Bits and
nieces from about 99 different sources and we Zerox this. In erosion-
cedimentation, there is no suitable text. I Zerox $16.00 worth of
pieces from all of these different reports and that is our text. I
don't know how Dr. Schumm teaches geomorpholody. There are a few
books in that subiect area. I think they are & 1itile better off

than we are in this other category, but what's your situation?
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Answer {Schumm)--There is a standard text with a geological approach

to rivers. ['ve discontinued ysing this and I now use the same technigue
as Dr. Simons. I copy varicus periinent papers and hand these gut. I
don't feal that there is a textbook of the type that you ars interested
in, that gives specific answers To spacific problems. Geomorphologists
are usually interested in the long-term academic approach, and they
aren't generally involived in soiving probiems. Therafore when you look
at their reports, vou get a nice description of what the river did
perhaps over a wmillion years. If you took the bits and pieces which

are important to you they could be of real value. [711 admif again, no
one nas done this.

Simons--Well Dr., Schumm and I, really recognize the tremendous need

here so we are l2aning on some of fhe agencies fo give uys a iittle
money, enough to give us support to develop something to start from.
We have a request in for about 325,000 to start fo take a look at it.
I think we've got to figure out a way of consolidating it, and we've
got to figure out a better way of disseminating it.

Now one other thing 1've done a counle of summers with geology,
we put on short courses, with money coming from the National Science
Foundation, where we largely brought geomorphologists, geologists, and
gngineers together., We ave currently thinking about doing the same
thing, but bring in some of the biological components in order to
broaden the base further.

Winkley-~One thing I might add to that, in response to your guestion
is that if you do something to the river, vou are going to get &

response, sometimes very immediate, sometimes very slowly, depending



ypon characteristics of the stream. But, you will get a response to
the stream and this in time will nullify itself in that particuiar area
and maybe work its way on through the system or maybe only be seen over
& very short reach of it, but vou've going to get something happening.
You can rest assursed of that.

Bishop--Could Dr. Schumm put that formula up on the board with depth
and relationship?

Schumm~--The reference is Leonsld and Maddock U.5.G.5. professional
paper 252, "Hydraulic Geometry of Stream Channel.” This material is
alsc in the book that I just referred to, "Filuvial Processes in Geo-
morphology.” In addition, I think the River Mechanics volumes summarize
most of this. "River Mechanics” edited by Dr. Sherwin Shen, $20.00 or
$22.00 for the two volume sel, purchased through Water Resources
pubtication, Fort Collins.

Simons--We have invited something iike 100-120 people interested in
rivers from all over the worid regardiess of background. We've tried

te get the most knowledgeable people together, and we've worked B
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to 10 hours a day for about 2 weeks. The material that has been pre-
sented hy these people does occur in these two volumes on river mechanics.
Schumm--1 would just add to this, I have two chapiers in the River
Machanics volume, essentially the geoliouic approach. [T any of you are
interested in that, drop me a post card at {SU. 1'd be happy to send

you photocopies of my chapters.

Winkley--1'11 add something to that for Dr. Schumm. He has some

4

relationships in there wheve he

g

1as taken Lhe geomorphic change of
rivers over many, many changes in cycles of weather. He showed us

two slides of 1t yesterday. [ took those two relationships and Tooked



at current changes in rivers dug to reservoir action, diversion of
waters, changes in straightening channels, channel stabilization, and
some of the work that was done by the Corps and the Tocal interests and
the Soil Conservation Service on a particular valley drainage basin.
The relationships work and they pretty well hold together on short
range changes, due to the effects of man's activities. Those four
particular relationships are in that particular chapter he's taiking
about. If you change one particular factor, it will fell you how the
other one will probably start shifting.

fudience--1'd 1ike to set up another situation. If vou had a natural
cutoff that cccurred by virtue of a flood or something, would you advo-
cate blocking this off or keep the water bank in 1ts natural position
or Tet it go naturally through the cutoff?

Simons--That's a good one. Mr. Winkley, do you want to tell them about
the bend that was about to make the cutoff and they did make it anyway
and then they closed it? 1 think that's a good example.

Winkley--iet me sketch something here on the board. I'11 show you what
can happen. You can’t just make a cut and dried rule. This example
concerns the Tittle piver called the Tallahatchee River in Mississippi.
A heavy sediment-laden stream comes down from the hills which is a
stream that many vears ago local interest groups straightened out.
Also, thare is a pretty good size tributary that has a reservoir up-
stream with several small tributaries. emptying into it. The tributaries
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are very heavy sediment-laden, alsoc. The Tallahatchee is quite a large
river flowing maybe at 10,000 ¢fs and maybe as high as 60 to 70,000 cfs
with present control before it went to 150,000 to 200,000 cfs. It was

decided that they were going to make a cutoff through & narrow neck of



the land. They made a cut through and lel 1t develop. Within ten months

they found out the problem they had created and then shut it off again.

Now, in this time period the river compietely filled with sediments. It

oy

was starting to 111 the Tower reach of the viver and to maintain it

e

again they dredged aver 1,000,000 cubic vards of material and shut off
all of the sower outfalis and a%i of the water intake=. Ten months

betwaen opening and closing and the Tilling of sediments action probably
cccurred within 4 or 5 months,

But, this is a case wherse this wou'd have been a natural cutoff.
In fact, it would have naturally cutoff within probably a decade or Tess,
because it was a very narvow neci of land and there was active eroding
along it. 5S¢ you can shut one off, butl you betier look and see what is
guing to happen somewhers eise.
Simons--That is to say, it would happen naturally, and vou see the
problem is people. If the city wasn't there and ﬁ%ase'%ih%? spacial
interest groups didn't have to be served, why, vou wouldn't have to
worry about 1t. 07d mother nature would do 1t anyway and 1t would grade
and this for a while would go back this way and that.
Winkiey--For any cutoff, natural or man-made, vou're going fto get a
response to the stream. It'11 scour upstream and it'717 pile up downstream
until it adjusts the slope again to something it Tikes. As Dr, Skinner
was showing here this morning, on these islands and bars showing up
downstream in these cutoffs, that's just agoradation, 1is extra amounis
of material piling up there. As soon as that river goes through some
phase of adjustment maybe a year, maybe ten years, maybe a hundred
years, it will gradually adiust back to something that is compatible

with the flow.
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Schumm-=1 think the differencs in fterms of yvour guestion is thal you
are probably talking about something Tike the Beaverhead River near
Diflon, Montana. In the example of the Tallahatchee you have a crucial

%
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oroblem because a of prohably 30,000 people are involved. It
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seems to me your sitution 95 a Tittle bit different.

you can afford to Tet it go. We aren't saying you
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Simons--Yes, ma
shouldn't do 1t, all vou can do is look at the consequences and see if
you can live with them.

Audience--We know the problems are going to occur, apparently with this
cutoff. Should you block it off so it can't go through the cuteff and
aggravate these problems and force it back into the bend, or just let

it g0 naturaily?

Winkley--Well, if you Took at the overail slope of the entire system,
the river adjusts 1ts slopes through making cutoeffs that adiust the
meandering tendencies of it, and over long reaches it keeps some compat~
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ible Tengths. There s & slope adjustment that lTets all of the various
factors stay within some sort of eguilibrium. So i vou block cuteffs,
it could be in 2 particylar point that you would gradually decrease
stopes to where you couldn't carry sediment. 50 in one case it might

be good and in the next case had. There is no standard way of saying
YES OF ne.

Bianchi--Actually by the time a stream does cutoff, unless its something
that's done during like flood stage or something very drastic, by the
time it gets down to where that neck of land will cut through probably
that stream is basically adjusted for that cutoff.

Simons--Do you mean ready for it7

Bianchi-~Yes,
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Simons-=No, definitely not. because you see, I was Tooking at one

ot long ago in Wyoming where there is a nice big loop, 2 to 3 miles
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Tong and there is a 1ittle narrow neck of land here, here is the river

ver on the other side, There s 20 feet of

i

on one side, here is the ri
difference in elevation between here and here and they are 20 feet apart
and when that goes and you throw that extra 20 feet of fali in there,
that river is going to headeut for miles upstream, unioad iremendous

=

guantities of sediment downstream which is going to cause bar and bank

=

deterioration. It just really goes all fo pisces because you can't put
that kind of a steepnsss in thers without getting some very tremendous,
dramatic responses in the system. 1 think river systems are stili
adjusting those out afier 30, 40, or 50 years frying to get the concen-
tration of slapes spread out to where they could Tive within terms of
velocities, sediment transport, and bank stability. Now, only mother
nature does it and we have lived with it. Of course when you get
people on here, and vou got people downstream why then we all come under
pressure to do something about 1t. HNo, the stream is sure not ready
for 1%, 4%t can really all go to pleces on you when that happens.
Winkley-~Normally your natural cufoffs are spaced far enough apart in
distance and in time the river hes g chance to 5diust ito each one

over some short period of time. But, again on the Mississippi, what
they did down there in a matier of ten years or less, they cut out a
third of the river in Tength and it still hasn't completely adjusted

to Tt It will never completely adiust o it until it gets some sort

of a slope factor clear back up inte the Uhio and upper Mississippd

and down to the Gu'lf,
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Simons--0f course vou've got these things going on naturaily, I mean,
where does 0ld mother nature stop and where does man take over? For
example, | researched 2 bunch of the historic records of the Rig Grande

&

that were available through the International Water Boundary Commission,
and there was an old ditch rider that used to ride something iike
140 mites of the Ric Grande before there was really any man-made effects

that amounted to anvthing upsiream or downsiream. He rode that river

for a period of 40 years by buggy, finally by wodel T, and he carefully
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documented that naturally, {man not a J. but naturally that

-
H

140 miles of river would shorten in Tength by as much as 40 miles

naturaily within increments of one big flood to another. In other words,

s
"

he documented 2 shortening andg increasing in length on the order of

i

gy

40 miles in that distance several Times in 2 40 year period. Now, that
is an sxtremely unstable type river, sand bed type, and 1t was subjected
to raising flows, no control upstream. Bui you get this thing going
one way or the other and this s part of the natural process. It's
faster in the highly erpdable stuff, such as sand bed materials than
in the rocks and cobbles. but the change is going on.

Kenneth Fahnestock, who is a geomorpholist that worked with us
for years, did some work on glacial sireams in Mt. Ranier National Park.
He set up a series of cameras on a ridge and took a Trame every few
seconds through all of the daylight hours over a period of major runoff?
to see how the coarse rock piles up in the stream. You can see it all
in 8 few minutes and then 1T will break over and 1T will pile up and

it will bresk over., It is fremendousiy instructive regarding the

magnitude of these natural fTorces.
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Liter Spence, - Along with these cutting off meanders in a situation
where we've got; 1 can think of a mountaln stream where zbout 50 percent
of it has been changed similar to what vou have with the railrcad along
side the highway up here over the last 70 vears or more, and I was
wondering if you have occasion, through highway construction to have
channel - put a stream channel back into an old meander where it was

cut off when the highway was put there, Now, of course, the river in that
avea has reached whatever equilibrium it has reached through all of its
process since it was straightensd out. We know we are going to be

getting that additional length for actusl fishing water, and perhaps,

vou know including that additional habitat, compared to what was in

there in s straight channel, but what are we going to do ndw in doing
that, in general, ave we going te Toul things up above and below or

are we going to have to put this thing back into ifs natural condition

or would we have to do it in mors areas in orvder to be successful in
recreating the stream that was natural?

Simons - Well I think that if vou locked at it historically and mavbe

the other gentleman can answer it more correctly than I, but we know that
the natural length changes. We've got natural cutoeffs occcurring, new

ones forming. We've got a sort of certain average length over séme X miles

4

that on the average we have and if as a result of building the highway
system or whatever, we have gone and made several cutoffs and shortened

this. Welve probably steepened the gradient to where at least dnitially
they had to go in and riprap the banks in this section to hold it, to

keep the banks from being attacked, Instead of having nice riffle and

pool seguence its probably more like channel, whitewater, rapids, not perhaps

as good Tor fishing habitat. 5o if something oise hasn't happened that roguires

that vou have the steeper system to move sediment through,
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I would see no disadvantages uniess it is just economic cost to go back
and put it basically in the system as it was. I don't think you would
dare make it much Tonger by introducing new ones. You can get into
the same problem, then, of storage and aggradation and attack of the
banks. If the highway people and everybody can get together, unless
it shifted way away in time from these and I doubt in this Lype of
material shifts are not that fast, I think there might be some
advantages in going back and dropping 1t in the o1d channel if you

can afford to do so.

Winkiey--1t might depend upon the Tength of time it has been in this
new channel and what adjustments have occurved in adiacent reaches of
the river. If other river sections adjusted fo a change within your
particular reach you are talking about, its very feasible by going to
the longer channel you may flatten the gradient out to the point that
vou would have z surchargs of sediments. This might develop into a
braided type of stream,

Boland--1 think this was developed either in the last 20 years 1T the
highway did it or the last 60 if the railroad did it. I'm not sure
which one straightened it, but in the ares above what they didn't
straighten, the banks are ercding very badly on one side of the stream
that had not been protected at all. The stream s wide and shallow and
it's not moving very fast and 1t's sgrading.

Question {Liter Spence)--The river has gone down 1in this particular
area, below the level of the old cutoff meander.

Simons--You've had some degradation in the channel where you built the
chute.

Boland--Right. On the ¢ld channel route it's guite 2 Tot higher.
g
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Simons-~So there would have to be some adjustments made to bring it back
together. There would be some disruption where you got these discon-
tinuities for a period of time.

Winklay--You know you can bet on one thing. In a natural channel, no
interference from man, changes will always occur with different stomm
patterns, different runoff, bringing in different materials maybe; but
the channel is going to adjust continually to the amount of walter flowing
down it, and the shape of the hydrograph: flash floods against siow-
rising floods. 1t will adjust to the type of sediments imposed on it,
not only Tocally but those brought inte it. It will adjust to whatever
slope conditions are imposed upon 1t, whether they are natural

changes or what. But, in time any channel will find some sort of
equilibrium, that time may be something we can't 1ive within a normal
auyman 1ife. On the other hand 1t may be very short, The river will very
often show you similar reaches; that 1t has a configuration, a type of
geometry, the type pools and riffles, the type of everything you want.
Tt's Just more or less getting a Teel of things., as to how you might
start thinking about building the particular area you are talking about.
Simons~-~Many of us think about a river as something much more static than
it is, and when we do try to nail it down in one position, especially

on the piecemeal basis, we can't hold it to time ad infinitum and if we
put in just pieces and don't totally conirol it, ultimately you're going
to loose 1t. It's like Mr. Winkley says, veplacement costs through
maintenance. OF course, it's more than just moving away from it,

maybe a replacement in materials every 30 years, but we've got to live
with this change. For example, take some extreme ones. The Brahmaputra

River in Pakistan, India just simply got up out of its present channel
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that it had run in for centuries and moved 200 miles. It just Teft the
whole valley and moved and nobody did anything with it.

Bianchi--A couple of years ago the Corps proposed a snag removal program
on the West Gallatin, a small river, smaller than the Big Hole, and they
were justifying this action of removing all of the trees out of the
channel on flood control. Enginseringly speaking or hydrologically
speaking, what is the advantage of deing this originally for flood control?
Obviously it is poor fish habitat, but, what is the advantage of removing
snags for flood controi?

Winkley--You'd take the roughness element out of the river so you would
have less drag coefficient and have higher velocities.

Bianchi--0Or are we going to have more? 0.K. so we have higher velocities,
then are we going Lo get more bank erosion because of 1t?

Winkley--You could very well have more bank erosion.

Simons--0Ff course, there is another very interesting part to that.

We've taken a pretty careful Took at some of the work done up in the
Pacific Northwest where there are logging operations, and where a 1ot

of the stuff may break loose, get away, maybe limbs, etc., before thaey've
gotten them taken care of or maybe as a consequence of the way they
handled it in the past, would move down and piie up on these snags. And
then that's just 1ike almost instantaneously putting a new bar in which
deflects the currents., With these occurring in there, where these snags
are piling up. why it can have some pretty dramatic effects on channel

and bank stability in particular. In other words, 1t can defliect the
cyrvent, divide the flow and vou can undergo some preity severe situations.
Certainly there 1z some good arguments in e@?éaéﬁyafeag to remove the

snags, but better still to remove the stuff that hangs up on them.
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Because if you have a situation where that stuff accumulates on there,

it can cause some pretty serious problems, bank erosion, sediment problems
on downstream and deposition in the flat area.

Boland--You are saying that as far as the snags themselves are concerned
you should be very selective as to what you remove and what you might
want to leave there to actually improve the situation?

Simons--Well, if you didn't have anything hanging up on them at all and
the only consequence was improving or not improving the roughness and

if you didn't have these other things and it improved through scoured
holes, place for fish to hide in among the roots, this sort of thing,

it might be very beneficial and maybe the improvement by snaging it out
wouldn't be that great. Here again I think you would Just have to see
through a computation how much the change would be. 1'd serfously doubt
that taking a few snags out of the river would have much effect on stage.
What's your reaction Bob?

Winkley-~1 wouldn't think so.

Bianchi--0f course, they were talking about 200 snags per mile, something
Tike that. They were vemoving them, they found the new ones in there,
removed tham, so its an annual thing. Something they had fo do every

year.

by

Winkley--It is feasible that a Tot of snags in one area could act Tike

a weir and could raise your bed up and therefore fo get the capacity

the channel would probably erode banks and broaden out. By removing

the snags you could very well develop & narrower, deeper river without
doing anything else than pulling a few snags in some places.
Simons--Look at it another way, if vou had several snags in a particular

areas so that it caused a deepening of the fiow through backwater
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effect and vou are in essence raising the head and changing the gradient
from that point to the next point downsiream, Lhen you may start some
Tocal instabilities of the bed and bhanks in that reach. 7This may
ultimately head cut back under the thing and dump 1%, Thatl may be

going to the extreme case, but you've got that response to consider,
Bianchi--In thinking about it on a flood-control basis, where most of
the snags are deposited on the side of the river and that's where they
hang up, they aren’t even out in the main flow usuwally, they are on the
deposition side, on the gravel bars. Most of the time they aren't even
in the water and yel they were trying to have & snag and drag program

based on fliood control.
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Winkley-~Is that hold just upstream from the cutoff on the right-hand

bank? Is that something that has occurred since then or was 1t there

Milier--1t has occurred since then.

Winkley--Well, what you would expect is actually what 1s happening there.
The channel upstream would deepen and as it deepends it weuld probably
gndercut the bank and there would be some bank sloughing upstream.
Downstream thers would be a building of the bars and aggradation of the
channel. As it did, it wouid broaden and probably flatten and tear down
the banks there.

Winkley--1t will probably back upstream and make a point cutoff just up

thic narrow stretch here unless there is some other control there that

¢

can't aggrade,

Miller--What will happen to that stream? Will that thing stay aﬁrgéght?
Winkley--0h no, it will eat out that Teft-hand bank and be right géﬁk
where it was if vou give it time. Unless it comes through in the mean-
time and makes a cutoff and tears out that bar situation then it may
pick up a whole new sequence of bars.

Simons--Mr. Winkley, why don't you point out on the picture.
Yinkley--This i3 the é??éﬁi%?ﬁ of flow, your cutoff, they built & dam of
some sort here to block off this Tast channel. "Normally, what will
happen, the channel upstream will start toc scour, to degrade, lower

the channel bottom and as 1t does, it will undercut the banks and you
will get massive bank failures. This may be evidence of what happened
oy it may be secondary whirlpool-type eddy aciion here that has caused
that, | don't know. Normally downstream as this material that is groded

here and out of this channel, gets down to some part of the river 1t'11
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again be deposited and form some sort of bar situation and novmally

widen the river eroding both banks. In Time, unless there is some
control on the bed, we don’t know about, this channel digging down here
could actually cause a point bar cuteff through the upstream meander.

If that happens then an adjustment begins and wore sediment, so 1t will
go through a transition pericd and will gradually reach a new equilibrium.
Normally, if this doesn't cut off here, this one bank will probably have
more erosion than this other one., Some time in the future it will adjust
the slope to something that is compatible to the flows and sediment supply.
It will adiust on its own, but in an adiustment period you could get bank
erosion guite & ways downstrsam and upstreanm.

Audience--Is that channel shifted to the left in that bend, one just
downstream?

Miller-~I don't think its shifted, we cut that off. How the flow is

from the top down.

Question--How long afler vou cut?

Miller--A Tittle over a year.

Question--That is after two peak flow seasons?

Miller--Right.

GQuestion--Is this sediment brought down? Were the bars there before?
Miller-~I coulan't tell you.

Winkley-~In most cutoffs that we've noticed, that were made in the last
several decades, the river often completely straightens iiself out for
several bendways, and then starts aggrading and in doing it goes into

a complete braided condition. HMaybe for several thousand feel up and

downstream or several hundred feet on either side of the channel.
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Then sometime in the future it regain e@a}é%b?%gm and goes back into a
meandering stream again.

Question--Was there a request for riprap on either end of that cutoff?
Miller--No, but there probably will ba.

Question--Do vou have any idea what he had 1n mind when he did that?
Miller--Yes, he wanted to keep That npiece of land. What they do on
some of thase other areas, they cut the meanders off and go in and
clear a1l the brush off.

52

Question--Does he own the inside or ouisi

o
s

e’
Mitler--He must own both of tham.
Bianchi--Are you sure he wasn't worrying about erosion down on that
meandar where you don't have water flowing now? UWhat's in there?
Miller-~Well, when 1 flew over there they were clearing the brush off the
land, stacking it up and burning it. A Tot of times, in those big bends
where they are eroding and they're losing land, they straighten them.
Peterson--Getting back to your question, there was a reguest for
riprapping on the downstream end. It wasn't on this particular man's
Tand.

Question-~How far?

Miller-~1t would have to be a guess; 1'd say about a half a mile down.
Winkley=-In that first choto, didn't we have a dam across there? VYes,

it Tooks Tike it, and across the nexi one on downstream., It Tooks Tike
they've besan in theve with heavy eguipment. 1 don't know, 1f this starts
a chain reaction, you might get this thing straightened out for several

bendways. It jusi depends on what control wiil in fact stop it again.



Audience--What will be the next? You said you might get thatl one point

o

bar coming out from upstream. what would be the explanation that caused
rhat to happen--deepening the channel upstream from the ctitoffs?
Winkley--Well a head-cutting type thing working its way upstream that
would straighten 1t out.

Guestion--Would it £a1low the channel though?

Winkley--Not necessarily. £1771 start sating into a bank and high water
will probably finish the job. HNormalily, what will happen, is when

you make a cutoff, the tendency is Lo immediately flush more sediments
through to some part of the river and then it tends towards a braided
ctream, many channels, and you will start a headcuf upstream and 2
hraided stream downstream. With a headcut upstream which advances at

s rate that will cut through the next meander loop, then you just
compound the problem and it will keep going until something controls it.
We have known of several streams +hat will go through one cutoff and
shen cause 4 or 5 meander loops T0 straighten out, all on their own,

and there comes a complete braided stream for 4 or 5 meander 100ps

where you only effected one to start with, Then after a periad of
several years it staris regaining sinuosity again and normally 1t will
go right back to the way i+ was before, uniess you try to control it.
tven if you control it, it seems the bars go right back to the same

zide of the river.

Simons--One point to amplify what Mr. Winkley is saying--when this cutoff
i cut through here, it drops the jevel of the water, really sisepens
the gradient and can make it stesp enough so that you tend to shift
toward the braided stream; it simply eats the upsiream channel away,

straightens out and works toward the brailded stream. {ince that



straightens, the same thing is true further upsiream and it keeps
extending until that slope that you have accumulated in the cutoff area,
the steeper slope, is sporead out so it can start to reform the meander
again.

Winkley-~You're back to that thing Dr. Schumm was talking about yester-
day, that threshold between a meandering and braided stream,
Simons--You'd push this over the threshoid, possibly.

Winkley--And you go into a braided stream condition.

Simons--0r, often, that's what happens. We haven't seen all of these
deteriorate vet, but we've seen many where it does happen.

Winkley--0r, you may be Tar enough down away from this threshold
situation we are talking about to where the hydraulics of the stream
will react and 1% will pick up Tts own meandering tendencies and all

it will start buiiding is a bar where those yellow trees are there on
the right side of the channel and start moving back towards its old
system again.

Simons--I think that is why it is critical to iook at each of these
changes Tike they said yesterday in terms of where you are in this
nierarchy of stream forms, in that a slight increase in slope will shift
you across the threshold valus so that if its brazided you got problems.
If it won't, you are splidly back in this range of conditions where

you get meander, why probably the one cutoff will just tend to reform
into another Toop there without extending its effect very far upstream
angd downstirean.

Peterson--Mr. Winkley, there is something on this particular stream,
the Ruby River. There is a dam upstream, an irrigation dam.

Winkley--What has i1 done to the fiow? Has it changed 1t very much?
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SCS man--They built the dam in 1938 and almost all the vears from 1938
to 1967, the problem was filling it. Very few flood peaks past over.
it was a case of not having enocugh water. Then in 1967 we began a period
of very heavy snow pack, heavy runoff, and they continued fo wanage the
reservoir in the same fashion they had in the past 30 years, and this
means generally getting the reservoir full before the flond peak hits.
In which case they can pass the entire flood peak down. MNow the last

4 or & year they have panicked and opened the gates further and increased
the peak through the reservoir. I think what we have seen in this 5
years of very unnatural peak flows compared te the previous 30 to 40
years,

Winkley--Well, that could start a meandering pattern, If it stabilized
for 30 or 40 years or whatever pericd vou are talking about with Ffairiy
uniform flows, Tow flows, and you increase them suddeniy, the river is
going to try and pick up some different geometry then it had before and
it'17 start meandering in places.

Audience--We've run ints a Tot of problems on the Ruby because of this
4 or 5 years of consistent high flows going down through there,
Miller--  Here is a picture of some jetties that we have downstream
ciose to Twin Bridges, Montana. We have riprap and jetties on the
outside of that bend. What is vour impression of ysing such things as
jetiies or rocks extending cut into the river to slow down the Flow?
Simons-~Again, you could say, probably several things about if,
Certainly I don't think puiting these jetties in is going to sianifi-
cantly reduce the velocity. They Took to be spaced too far apart to
me, 1f you want to protect the bank you essentially got to build them

close encugh so that vou cause the major current to be held away from
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the bank. The use of them then can pe effective in protecting the
gutside bank, if that i35 the procedure thal you wish to use. In terms

of what flood stage does, jooking at these as individual roughness
elements, vou'd be hard pressed through computations or through measure-
ments to show that it would significantily increase the stage, maybe a
few tenths of a foot. But, you can use that as a means of keeping the
main current from attacking the bank, but they've got to be properly
spaced.

Aydience--What about the angle in relation to the river? Should they

be pointed straight up, angied down, or up?

Simons--dell, mavbe Wr. Winkley better answer that. 1 think in some-
thing this small, from my viewpoint, just something essentiaily straight
out or mavbe straight out but dropping off a Tittle as you move out into
the stream 5o that you sort of fend to move at Tow Tlows, the flow
changes, back away or the main current reaily isn't 1n the same position
in the channel all of the time. It varies with rising and falling stages
through the system.

Winkley--Let me reemphasize something that Dr. Simons brought out. This

tructure, being non-erodable, siiting out here will cause & secondary

&%

ction and will cause scouring or eddying to form downstream of it. Quite

jat]

often that eddying will undermine the structure itself; it could be big
encugh even %o go back and deferiorate the bank by undercutting the
base of it. That is the reason that anything 1ike this on the outside
of the bend, if ts Just going %o be a hard point sitting cut there,
cught to be shaped so that as your stage fluctuates, vour scour point
fluctuates and you aren't always scouring the same point. This is

more or less level or comes cut on s Tairly high crown and suddenly



dreps off. That scouring action takes place in almost the same position
you are creating problems instead of solving them.
The cther point, as far as your velocities are concerned, 1s that it

will move them on out toward midsiream and your stream will probabiy

in time adjust providing it doesn’t tear your bank out 1n the meantime.
We've found that the angle into the stream is very important, and they've
done guite a bit of experimenting al Walerways Experimentation Station

in Vicksburg, Mississippi, to try to figure out how you should angle a

dike. There are all kinds of theories, perpendicular to the flow,

You bring yvour structure up far enough and give a flat surface s¢ that
you have something for the stream to align itself to, and not just a

point that agitates the action out there. As far as upstream or down-
stream, 1t depends upon the alignment into the structure. EDither way

can cause scouring at one place or ancther, either al the bank or at the

ils
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outboard end depending upon the flow conditions into it. There
set rule. 1t would depend upon the stream, whether you have a straight
section or whether you have a crossing or a long radius or short radius
bend; there again. its the geometry of the stream and the flow; there is
no set answer to ii.

Audience~-Is there any rule of thumb in the spacing of the jetties like
that?

Simons~--Well offen times you can take top bank widths and get by with
about that spacing.

Winkley--Unless you would have an extremely wide channel. If you have a

well-confined sinale channel, meandering stream, then stay within about
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low bank width. Low water width and tie into top bank is & pretty good
rule of thumb. From there | think you arve just coing to have to play
with it on a stream and know lots of other things on it. HNobody's got

a good regulation. The forps of Engineers have been putting these things
in for vears and thev never have come out with a criteria that stuck from
one stream ito another.

Simons--We do have a report thatl will be out within a few months, I'd
better say, it ought to be cut in a few weeks, but like everything else
probably won't be. But we have been Tocking at this type o a structure
as well as the L-heads, and we've been seeing what spacing and what

N
i

shapes will work best to protect the banks. This has been done largely
from the modeling viewpoint, but ! think that coupled with some cbserva-
tions in the field, 1t will give you a pretty good index. And well,

as [ say, other than cetting that out, I don't know of any other studies
that have really been made.

Winkley--We've just started one in the Lorps.

Simons-~You are doing one too?

Winkley--0On the coalbed and the sandbed model. Both where we are trying
different alignment in the river. Une we've got a fairly straight section
of river with a divided channel and we are trying fo control one channel
to the other, plus the banks and trying various types structures and
alignment to do it. In the other one, we are taking a normal sinyous
bendway, in fact three bendways in & row, and we are trying structures

at various points, varying the distance between them, the crown elevation,
the slope of the crown to the dike, whether i1ts sloped upsiream, or
downstream. Now part of this has been completed and was published in

ASCE Journal in ebout 1967 or 1868, 1'11 go on record as saying that I
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dom't agree with 1t because thay fook one reach of river and tried
everything with one alignment into the struclures and made all of their
assumptions and conclusions on that. Whereas, n the real river, when
you look at it and trv the same thing, you get ali the variations in
the worlc because the water flows into 16 st various stages is different
than it was in this sarticular reach they modeled. You are still back
to the point that vou've got to consider the flow of the stream and

the alignment of the water into the structure, mainly in high water
where the major damage can be done,
Simons--Now these can he anvthing from successful o just odd ball hard
points on the banks that create extra turbulence and eddies that can
cause you more problems than they do you good,
Winkley--Right down to complete disaster.

janchi--I've seen on the West Gallatin a riprap job where 11 was
blanket riprap and on the end 1t was filled with jetties. Apparently
what happened when 1 came back after high water, 1t must have Tlowed
around the jetties and took off across the guy's hayfield. It probably
took out 5 or & acres, went right across the feliow's hayfield he was
trying to protect. And obviously that Tittle Jetty on the end must
have caused an eroding action and it went right around the end of the
riprap and right across the fieid.
Winkley--A Tot of dikes have been built on the Mississippi River, a lot
of them the very same fype as this, a lot of rock, groin, dike, jetty,
whatever you want to call it, oul into the river and we've tTried ali
means of bank stabilization adjacent to 1t. If the jetty is not

B

Tigned properly with the river and s not shaped properiy to flow

-

17 stay,

3

onditions. vou can’t out anything in there that w
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There will be massive scouring and bank faliure. Well, in the
Mississippi we have some failures that bring out 3, 4, and 5 million
cubic yards in one big hunk, and it takes out, well in proportion, it
would take out maybe 2 or 3 of these all at once.

Whipperman--1 think what happened on some of our projects here 1s that
they built the jetties in Tirst and they don't work o stop the erosion,
the riprapping comes later.

Simons-=Well, 1 think again my original cbservation, based upon what
experience [ have had, that if you were simply going to use those jetties
without the other protection, and the spacing Tooks too big to me, I
don't realiy see any advantage in using both. I think you could do it
sither way. [ think vou could design it o get by with just the {bank}
riprap or I think you could design it gel by with the spurs. I
personally don't think 1 would ever use botn.

Winkley~-~1°11 show you something on the board that might heip clear

some of this up. We have a bank to protect and are building a structure
that conircls some sort of a flow patiern. The water coming around that
structure, that you block out here has to move over and come around the
dike which increase velocities, vou get dead water back behind the dike
and you start a whiripooling action, which scours it out. 0.K. if we
raise the water 1itile bit and put 1%t Jjust over the top of that jstty
structure you now have two actions. This block of water coming in has
to go one of two ways, either up and over or around the end. You still
have partial blocking where the water has to go around. Well, you get
wo actions, yvou get whirling around the end and you gel the roll over

the top. MNow the combination of both of those can cause a third action.
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Now most of these, we tie into the fop bank somewhera. This interface
between the bank and the dike that causes the second eddy action and
scours out the bank.

tet's start oul and plot time zgainst stage and construct a stage dura-
tion curve, Well suppose you teck this curve and just Tlattensd this
scaie out. The scouring that happens, tears your banks out, usuaily

is this eddie being too close to the bank and that eddy action around
the end of it, or this interface betwsen the water and the dike occurring
at same predominant stage that continually eats the bed out. You can't
put anything ia the river Tike this jetty that won't cause some scour
action, It's impossible. But to winimize it, i1 you design a dike
maybe a 1ittle bit 1ike the stage duration curve you mignt miminize the
scour probiem.

Audience--Is it also possible you might scour the whole Tength and it
wiil all pop open?

Winkley-~It is possible, but we haven't seen it happen.

Simons--Well, actually, vou see, the scour would not be as great unless

you did Just happen to get very unusual conditions and you had one

gy

systained flow that didn't fluctuate at &il, Tike control from a dam,
and vou held it, and then you wouldn't gain anything. But certainly
where these flows fluctuats, 17 you design your structure as Mr, Winkley
says, you can move thatl very active pari of the fliow back and forth,
then you wor't get as desep 3 scour as you would otherwise.

Winkley--You better have a pretty good idea and a fairly Tong period of
record for the stage duration curve. How Tong, what's your hydrograph
going to look Tike? How Tong is it going tc be at a certain point for

any length of time? And don't do it for one year, 1f you can, do it
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for several vears and then average it all together because runoffs aren't
constant, as you 21l know. A1l you can do is minimize the problem, you
will never completely eliminate it.

Well, some of the dikes 1 showed you yesterday are 4,000 feet long,
and that's a big chunk of rock to stick out in the river. Those dikes
will cost in the neighborhood of 2 and 3 hundred thousand doliars a
piece. We are building them on sand and that sand will have a D-50
of probably 0.4 miilimeters. We're putting rock with probably a D-50
of 6 inches on top of if and 1ts staying pretiy weil.

Part of the secret of building these dikes is putiing encugh mass
of stone in so that when some of the dike sloughs off 1t will also armor
plate the scour peint and stop the scour action. But, there agein iis
a matter if you got a problem you can only correct it by playing with it.
You can't go out and build something in the river that is foolpreof.
Well, maybe vou could build a concrete structure if you could drain your
river, but if vou've got running water you've always got the problem.

If we've got a dike that's sitting out in the river, we often times get
scour holes below them that do go down 80 feet. We have to prepare
against that and try to hold things where ihey are.

Simons--Another important thing fhat I would Tike to emphasize is that
when we go ocut into 2 small stream and put in these rock structures, in
general, they are pretty small volume-wise, and it takes aimost 100
percent of the rock volume to armor the scour holes that develop. 5o,
if you don't take that need into account you're totally wiped cut. If
you will look at the magnitude of the scour hole that you put in and if
you will put in a guantity of rock so that afier you've armored it

you've got a dike left, your chances of having some success are much
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hetter, UWe've often seen instances where peopie have gone into rivers
and maybe put 40 or 50 of thess structures 1in and come back after one
flow seascn and they are gone and they are considered to be a total
disaster. That's not really true, the disaster was the methods that
they used to design them. If they would have had enough volume in those
to armor the scour hole that develops and still leaves a dike, they
would have stil1l had them today.
Question {C. Bishop}--Can you kick the current against the opposite
side and cause erosion there?
Answer {Winkley)-~If you put them oul Tar enough in the stream you
would.

Wwell normally vou are going to look at the stream and see what s
a compatible width to that stream and 1t would be rather foolish to
try to squeeze that stream in more than it would do naturally. HNow for
example, you may have a wide river section you want to contrei. If you
build a dike out all in one construction season and then right after
you finish it you have a iot of high water come by in the adjacent
channel; the structure jsn’t prepared to handle that surge of high water
because there's not enough cross section area. Then you are going to
get an extreme amount of scouring and waybe even fallure of your
structure, or maybe complete flanking of it
Simons--Yef to achieve stability, I think from ocur standpoint, there
wouldn't be any necessity to build those out so far it wouyld defiect
the current the other way. You could surely build them far enough to

|
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completeiv change the alignment of the flow, however, in a small system.

Thi

%

is something you would have to Took at and see what you wanted to

achisve.



Bishop--1 know a number of them in tne Bi1lings area. We've got
indications that that is occurring fairly freguently and as a result
they've almost quit jetties and gone to armor nlating.

Winkley--well its probably in the design of 1L,

Bishop--They concluded that rockwise it takes Jjust about as much rock
one way or the other.

Simons--Hot a 1ot of differsnce.

oing to put & jetty in and you're geing to

(S

Winkley--Weli, if vou are
sut it in to close off an area the river is trying to develop, and
you're fighting the river, then its a lost cause. You $t111 have to
know the pattern that river wants to maintain and you have 1o work with
it, not against it if yeu are going to maintain some sort of success.
What we are talking about is sinuosity and the Tact that you get
alternating bars. If you go to the opposite side from where a bar has

been building and try to close off that side of the river all you are

e

oing is asking the river to do all 1t can o tear your strycture out.

i
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t's not just naturally going to change and go the other way.

e

Miller--~In the Big Hole and many of the cther rivers we get grave] dikes
ng pushed up from the river gravel sometimes on an annual basis. 1

would Tike to gei your ideas on whether loosening the plating on the

bottom of the river by pushing up gravel dikes on the river banks is

e

narmful? The case [ am interested in is a gravel dike pushed up on
the bnk on the outside of a bendway.
Winkley--First point, each time there is a kigh flow, because the high

flow the point bars, the inside bend bank will normally start
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eroding away and so you should get a wider, flatter river and you get

more loss of land along the inside. Second pgint. By maving the gravel




comomesl]
Lo
LA

out of the bed of the stream and building this dike, 1T there was an
armor plating effect from that gravel on the bottom, 11's been disrupled

and there will probably be some degradation happen there instead of

hy

rearmoring itsel This will depend on how much armor plating material

of a particular size s present in the stream.

T

Simons--In any event, whatever you took off would make more of the fine
material accessible for fransport downstream.

Winkley-~You'd increase the amount of sediment you moved through the
system by peeling that coarse stuff off. You'll aiso probably open up
the channel on the inside of vour bendway and cause it to develop. It
may develop to the point that you will abandon the one your protecting
in the first place.

Simons=-~If you skim that armor plate off as Mr. Winkley said, you can
just simply develop a double channei situation there,

Winkley--And the next point of attack is going to be the banks down-
stream. 5S¢ this armor plate will have to be extended farther and farther
downstream. You just really keep chasing the problem.

Bianchi--What kind of land are they protecting with the gravel dikes
and riprap?

Miller--Well, the farmer and rancher are worried about other side
channels, capturing the river. When the river moves they are going to
Tose land because some land will go out of production.

Simons--Well, one sure has to Jook at all the possible situations before
he comes up with answers because there are other ramifications that
must be taken into effect., Certainly, increasing flow is one point
that was mentioned, Increasing the cross section of the stream by this

type of action, simply block the cross section of the stream and see
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how much you have enlarged 1%, why that's pretty microscopic. I you
start irying to improve a channel of thai size by pushing gravel around,
that takes a ot of money.

Miller —- This is a picture of the Big Hole River where we had some
osroblems on the Giems ranch in the Penningion 8ridges area. The river
breached a dike going across an old side channel, Well, the year before
the rancher put in a lot of riprap and armored the corner right above
this oid dike. Last year the river breached this dike and went back
into its old 1940%s channel. Now the Corps wants to reclose this side
channel and put the river back to where it was two years ago.
Simons--Well, one of the biggest problems here, and I'171 refer this to
Mr, Winkley if I'm wrong, but the alignment that they are trying to
develop and hold is wrong. They've doing 1% an awfully hard way. That's
a very poor alignment to try to hoid.

Peterson--At one time, in 1940, that side channel, it's going down now,
was the only main channel.

Simens~-This river is uncontroiled, in other words, no reservoirs
upstream. HWell, Just what vou see of the evidencs, there 15 a lot of
variation and to really decide that vou can hold that in any one align-
ment is mighty tough to do. 1 think whatever you do 1s just putting

cut local brush fires. And I fhink vou are going to Tose your maintenance
effort at & much faster rate than the Corps loses its 3 percent per year.
Winkley~-~1t Tooks Tike they've gof 2 siream that borders on being a
braided stream, anyhow.

Miller--1t is, right down below here 1t starts braiding, as a matter of
fact at the Pennington Bridge they had to build two bridges there because

the stream was braided.
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Peterson--They are replacing & Tot of the lost riprap: they lost over
$100,000 worth of viprap in this Big Hole River area this year. They
are replacing 1t with riprapping and 2 to 3 tc 4 foot dike on top of
the bank. It appears fo me that in 3 situation Tike this you are Just
adding te the problem when you put a dike in on top of that.
Simons--You mean by a dike on teop, 2 dike on the overbank set back a
Tittle?
Peterson--Ho, 1t's right on the river bank, right on the bank itself,
Winkley~-~Well in some instances that can be good because it will help
byild the bar on the other side, and get you a well-defined channel,
providing you are in a good bendway type situation,
Peterson--What happens when it's at flood stage and that extra two feet
of free board s on fop? What happens to the other side?
Winkley--0h it will equalize itself out, probably during flood stage
if its a sinyous channel, the main current is probably over the point
bar, anyway.
Simons--0One thing to remember, we've shown a certain sinuosity on all
of these channels and the sinuesity t%éé 3 channel adopts is related,
maybe, to some dominant discharge. At Tow stage there is a fendency to
build a much tighter sinuosity, 2 shorter distance betwsen bars. At
hign stage, there is a tendency to byild these bars at a much greater
spacing, and over the average you got something that works reasonably
well., At Tiood flow there 1s a strong tendency for the main flow to
move in on the point bar. There's a straightening of the thalweg as the
stage rises.

But, 1T you documented where the main current was, vou'll always

find with rising stage there is a tremendous tendency for the main



thalweg to straighten. This is, I think where the Corps Toses control
on a Yot of these point bars., The flow straichiens and impingss on the

0ss tham, particularly if they've
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allowed gravel dredging on the bars so that they've lost the armor.
Then, in & short pericd of Time you've got a double channel with an
istand in the middie. This is, in my estimation, highiy susceptibie
o quick change. You've got a rough problem to really put this in an

atignment and hold 4t. Changes upstream can effect what you do here

downstream and this whole thing is different afier every fliood.

ig

Bianchi~--What I can't understand on this Big Hole River Corps project
15 why they're worried about maintaining that river clear in there where

it is right now. Why don't they come out and cut a new bed before it

it’s & real oid area thers. Ii's
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goes into those adjacent
probably even higher than where the watler flowed during Tow flow, Ue
talked about that to the Corps, why don't they come back out next t
the fields and maintain the river in the 1240 channel rather than in
the channel where they are now pushing it7

Simons--Heally, you are saying that the channel bed where they are
trying to hold it is relatively higher than some of the adjacent area.
Miller--Just the opposite of what you said, the cropped area is a lot
higher,

re going to spend a lot of time and money Just to save a
and in there that probably is not even a foot higher

or a Toot and & half higher than what the Tow Tlow of the river is.
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Winkley--Well, vou are looking at a short piece of river here and its
awfully narg to tell where the thing should be. If you take that river
over long reaches and start looking at what sort of pattern it would
Tikely maintain then you couid decide a 1Tittle bif better where you
should hold fthe bank. If you did hold i1 where they are trying fo,

of buffer zone in therse, at least vou've

f

you've got a 100 fest or s

o

got some protection from it.
Simons--This {s basically what I woyld have said and, again, I'd
emphasize also that you don't see enough of it, not having been up there,
we may be sticking our necks out. But if¥ I was the rancher that owned
the land adjacent to the old side channel 1'd be happy to see them fry
and hold the river back because 1T you Jet 7t come over to hers then
you've gobt your bank right against the Tand that he is using--deep pools,
harder to hold maybe than holding it in two stages. Buti, uniess one
sees the whole thing why 1t would be hard to make a dacision.
Mitler--Something sise we are geiting a Tot of, especially in the Big
Hole River are irrigalion diversicns packed up out of river gravel.

The rancher-farmer fries 0 get as much wailer as he can in his

irrigation ditch in usually August or September when these streams are

Tow. He has to get right out in the middle of the river with his cat.
In the Big Hole its about one diversion every haif mile or one every
mile, some of them clear across the river and some of them go half way.
Simons--And they are just pushed up out of the material in the bed?
Miller--Yes, with a cat. What effect does this have say on the bead
toad material, zediment, stream mechanics, and such?

Winkley--Well 1t's not going to bother too much during that low stage

ed the bed Tor a short space away Trom

;"ﬂ

and he has probably only disrupt



the dam he byiltf. First hich water will wash 1t out. It'11 probably
attack the banks on sach side hefore i1 gets the dike washed out
completely. The materials in it wili probably end up almost back where
he got it from and in some space of time, depending on whats there, it
will probably go ahead and build some sort of armor across there, 1'd
guess the net resylt would be a gradual widening of the river at that
ooint and ever year he'l] build up a wider and wider dam.

Simons-~1 think whatever they throw up, I know as an old farm boy ['ve
done that myself, and I know how quickly vou lese control. Even though
it's effect is only temporary, it's effect may be enough that the
material i3 soft on elither side to open the river up and then mavbe
someihing happens uypstream that gives you a betler opportunity or a
worse opportunity depending on what you want to see happen. It opens
the gpportunity for exchange one way or another. It is a poor system
in that you really don't know what flows are ocoing to be through there

from year to year, from runcut to runcut. You might aggravate, make

0k

it Took more like a braided section.

Skinner--This is a very similar analogy 1o & beaver pond. We've seen

this happen on meadows, where 3 beaver builds a pond across there it

will bust out upstream and start a whole new channel. There is a big

possibility for that here. 1%t depends on the top bank situation. If

you get a 1ittle flow through there 1T could bust out and start a new

channel.

Hinkley--1 have noticed from cbservance of some similar stream sarly
this summer, they continually buill bank protection out of the bed

material around towns and around bridges. U¥e noticed that where the

stream hadn't been disturbed, 1t had 2 normel width and sesmingly
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fairly well behaved with cottonwoods on the banks~=30 to 40 inches in
diameter that had been there for a long fime, both banks. Buti where
they had messed with the stream trying fo disturb it or trving to builg
up dikes, bank protection from the bed material, the stream was often

up to ten times as wide as it was normally. It lpoked 1ike the channel
could run anywhere and where they put their revetment or the dikes was
just a hit and miss proposition and where they got material from was
where it happened to be handy and next high flow came down and got a
14ttle bit more bank material and the whole thing just kept going wider.
Something similar to that could happen here, but these are fairly steep
slope streams., they are streams that lsok 1ike they orobably fell 30, 40
or 50 feet per mile.

Simons--By peeling the arms off and building these wing dams you do
increase to some extent the amount of sediment moving through the system.
You continually lay out more fines that you can more readily get at

over a wider range of fiow conditions and, of course, i you computed
it, it may be relatively small and may not be significant, but it would
sure be larger.

Gaffney--On a lot of these riprap Jobs which are fairly undesirable

from a Fisheries standpoint, we ask them to fence to allow the vegetation
to come back and hopefully get some fish cover developing at some time
in the future. Do you have any thoughts on how much of a buffer zone
you need and what the possibiiities are for woody vegetation to come

in and allow for bank protection if not fish cover, maybe both?
Simons--Let me make sure we understand. You've got the riprap set back

with a buffer zone beiween the riprap and the water or the reverse?
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Gaffney--No, the riprap is right on the stream. In some cases we ask
for a fence back away some distance from the siream bank and riprap.
Simons--To keep it from being grazed in order to give it a chance 1o
develiop?

Gaffney--Yes, grazing, dozing or spraying or whatever, to allow vegetation
to come uyp into it. These are usuaily Tairly narrow. one to two rod
buffer zones. Probably more ofien one rod.

Winkley--What is the normal type growth on vour bank: @%é??aw? Cotton-
wood?  We have found that even where we have put asphalt and concrete
on banks that through normal soil movements and within one or two
decades, sometimes Jess than that, we've got well~developed willow
growth and the protection is also still there. You might even think

=

about a combination. You know willows will grow in almost anything if
you can keep g 1ittle molstiure to them and kesp them out of the water
enough time of the year.

Gaffney--A number of these we've looked at this vear, were primarily
hayfields mowed up to within two or three feetl of the existing bank.
Of course, most of the places they requested riprap now are the weak
points where the river breaks through. Maybe there was two feet of
willow there Tast year, but the river broke out and the reguest is for
rock in there now. 1 was wondering if it is really effective to fence
those buffer zones and s this going to leave enough revegetation to
have any significant effect on bank protection in the future.
Winley--Wherever you remove vegetation yvou enhance the possibiiities

of bank caving. HNatural protection helps: it doesn't eliminate 1t, but

it helps.
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Bianchi--A program of bank stability would be the nexi thing, is that
right?

Winkley--Well, if you keep buffer zone between the bare around and the
river, yes you enhance the possibiiities of it keeping the river there,
vou won't eliminate it. But, vou wiil at least assure the success of
the river staving where it was better. The more growth you can get in
there, particularly on the outside of the bendway.

Simons--I might mention a Tittle experience I have had along that Tine.
This material forming the banks and bars that you're talking about
revegetating is largely gravels and sands. As you go from a relatively
high stage to a low stage, and you do this annually, you cover a lot of
the banks. Really this material is so free draining since there are

so few fines in it, that it has been my experience that it is very tough
to get a qood growth developed in that type of material. The soil
conditions may not be the critical factor, they may not be very good

hut the soil is so free-draining you can't keep moisture in there when
the river drops long enough to really grow vegetation. 1 know when we
Tooked at several streams on which we had aerial photos, we saw some
channels that had tremendous growth on both sides. We saw some channels
that had literally no growth. We saw some channels that had patches here
and there that ssemed to be developing. So I got a soil auger and on
these cases whare we had parts of the bank that was essentially bare

or had very weak vegetation, and parts of the bank where the vegetation
Tooked 1ike it was really taking hold and went in and did some driiling.
T found that in every instance where the vegetation was really taking
hold we were in an old area, a pocket that had had silts and clays T111

in it; in other words, something capable of holding the moisture and
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capiilary forces to bring it up. In these other areas even though the
rainfall i3 much higher than it is in our area, it drains so fast, was

so free-draining that 1t was very difficult to get much of a helpful vege-
tative barrier by fencing. So ! think the changes in water level and

the type of so0ils, and the degree of fres drainage would have a very
stgnificant impact on how successful you were with the vegetation.
Gaffney--1'm sure there i3 a certain amount of variation in clay soiis

and you know we are talking of several hundred miles of stream. Some

of these areas that I'm thinking of didn't get mowed in the past year

wi

because of the flood conditions: the water was on it foo long so the

i

rancher decided not to mow if. You see pretiy extensive growth of
willow coming out in just that one year, maybe 50 or 60 feet away Trom
the stream so this would indicate that in a lot of areas there is &
potential for this kind of growth if 1t was given protection.
Simons--Well, I'd say that's very encouraging and [ just wanted to point
out that I'd seen situations much better than herve where you may getl
none at all or where you might get it patchy, or if yoy essentially get
into a situation where there is more fine silts and clays to i1l the
space batween ‘these other pores why you can develop gquite easily very
goud vegetative covers, continuous bands right aiong it. like down in
your flat floodplain areas.

Boland--Well, aren't we on pretty Firm ground when we say that the
purpose of the riprap is o stabilize the bank, and vegetation will also
stabilize the bank. So that if we riprap we could also fence and
protect the vegetation that may grow where we are reaily doing a better

job than just plain riprapping.



Simons--Yes, you're adequately getting the effect or benefits of both,
yes, you can ¢gain a 1ittle more if you can get them to let vou use that
ground.

Beland--Well, I think, we as a department can say we can do a better
bank protecting job with that brush because of the fisheries habitat
that come along with 1%, and this is probably better for us fo sell.
Winkley--You'll enhance the chances of your success if you can keep that
zone in there, there is no doubt about that.

Boland--That's what we are interested in. I think with the 2 percent
maintenance you have on projects that you really put a lot of money and
a 1ot of work and engineering into a lot of our projects,

Simons-~Well, just let me make one remark regarding the dumped rock over
the bank. I am assuming vou grade these banks to some sort of gradient
before you dump it over. Otherwise it falls in there anguiariy and it
doesn’t take much force of the water to move it, and if you don't put

it on very thick why it may not hold very well.

F

Audience--Well, this is what the Army Engineers on the west coast call
weighted toe. This is the way they are placing if. They've gotien
into considerable problems with transportation industry out there and
migratory fisheries. From the fisheries point of view, i1 is very
detrimental to ses,

Simons--On the other hand you see if you place the material in there
on the point of fincipient failure, in other words, fail just due to
Tts own weight, roll down Tike a tallus slope why any velocity at all
will move 1t and 1f you put on a thin laver it fails, if you put on a
thick layer it automatically develops the fiat slope anyway and you've

Tost it so I quess you decided what you want.
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Clint--How serious & problem are you 1ikely to create in downstream of
areas where you remove substantial areas of woody vegetation that's guite
heavy on a fairly wide floodplain along some of these high gradient
streams. The thing I'm getting at, is in a number of the areas. for
instance in the Red Lodge and Rock Creek area, in planning for summer
homes and they are going in with a bulldozer and removing substantial
amounts, and when I say substantial amounts I mean several miles, of
very heavy woody cover along the stream. 1t appears to me they may

be opening themselves up to substantial flood problems downstream as

a result of the holding back effect that the vegetation on those banks
will afford.

Simons-~Certainly with the vegetation and getting overbank flow why
you've got much greater roughness and vou get more channel storage which
dampens the peak flows downstream a 1ittle hit. | don't know how we
cope with that particular problem because you get into the real estate
activities here and the dollar is, I guess, the &ag?c wand. We heard
one of the fellows from Colorado University, Dr. Gilbert White, who all
of you know has worked on floodplain management, probably one of the
foremost people in the world on that particular problem. He was teiling
about observing 2 guy building an apariment house within the Timits

that the river could attack down there near Boulder and he walked out

o

to him and said, "You know you are building in the floodplain?® And

of bed fad
the guy siad, “yes." And Gilbert said, “Aren't you afraid that you are
going to suffer some damages as a consequence of high water flows in
the fuiure?" And they guy said, "No, I don't have the slightest worry,”
Giibert said, "How do vou come %o that conclusion?® and the guy said,

"Well, 1'11 have it sold in six months.®
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Tint--We have a curiocus situation on Yeilowtall after they first

closed the dam. They wound up with a hundred year flood the first year
they closed it and they caused problems upstream and downsiream both.
Simons--Well, Mr. Winkley has a 1ittle story he tells about fiood
frequencies that I have always liked. He was pointing out how totally
naive we were about what flood frequency means. And most pecopie when
you say you are designing for a hundred-year flood, I think most people
automatically assume that it isn't going to be seen for at lTeast a
hundred vears. And, that leads to some fremendously great disappoini-
ments for some of these people that apply and count on that philosophy.
And, this particular instance that [ heard about down in Vicksburg,

they had built some dikes that were supposed to protect some property
against essentiaily the ten-year flood. 1 guess the doctor has called
up once or twice and said, Took I've been flooded and what's the protection
and they explained again that 1L was designad for a ten-year flood
freguency and he made it pretty clear that he'd seen that thing overtop
about three times in the last three years and they better get their
thinking straightened out, they better find out what a ten-year fiood fis.
Skinner--Are there any other guestions or commenis? I want to express
the appreciation on the part of the panel for the excellent questions
T

and the discussion that you people provided. Thank you.
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